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Abstract

The main goal of the first version of the Swiss Case Study is to test convenience angt
ment of the stated objectivés the whole FaLC projecihe presented results are an intey
diate state of work in progress and refer to the softwas 6 and model s
FaLC as well as the Swiss Case Study will be further developed.

This report focuses on the different dynamic models that have been implemeRétd dur-
ing the years 2012 and 20&8d ispart of the FaLC documentati (comparable to an ing
mentation guide). Tdseimplementatios will also serve as a template for further Case Stui
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1 |l ntroducti on

1.1 Goals

The first ideas to implement a new integrated L-aks& and Transport Simulation Tool came

up more than three years ago. In the course of implementing a Zurich Case Study fer an EU
founded project called SustainCitgeveral partners reasoned that there is a need toahave
simple and robust (integrated) Land Use and Transport Simulation Todl) & Europe.

The main advantages of a redesigtaml are diverse: possibility to use orbcally relevant

data or models, the integration of widely used transport software sudHS&sM? or
MATSim®, and less unused code fragmeatsnplicating the modkng work. After some
presentations of the idea at congresses, FaLC was presented at the Federal Office for Spatial
Development (ARE) to ask for support. At the same time, the consortium had the opportunity
to integrate FaLC in an Efbunded researchp®jct fiSmart Ur Bahespddapt o
port of ARE as well as the SUA project, led to the start for the implementatiarSefiss

Case Study ifraLC in May 2012In parallel, the FaLC Software has been developed.

The aim of the ARE is to set up a Land Wdedel for Switzerland that can be connected
with the existingNational Passengefransport Mode(NPVM).> The Land Use Modeshall

be capable of answering different research and planning questionghatgare the effects
on the (spatial) behaviour ofgidents, households and business of:

1 changing (transport) infrastructue2g. new motorway connections,
1 decisions of political institutions and authoritiegy. adjusted lardse policiesand
1 changingrramework conditiongn demography and economy

About two yeardater, we are happy to present the first prototype of Fah€ of a landuse
model for SwitzerlandThere is still a lot to do, but the softwarerforms wellandrunsvery
stable. The implemented Swiss Case Study shall testalkelling accueicyandachievement

of the FaLC project aims. Additionally, a second objective of the Case Study is to gime pote
tial users the opportunity to have a template for further work in other regions.

This report focuses on the different dynamic models that haga implemented during the
last year. It is meant as the final report of the work done in 2012 and 20XRiditidnally

See alsavww.sustaincity.eu

VISUM and VISEVA are (closedource) transport modelling tools of PTV Group; ktp://ptvgroup.com

Multi Agent Transport Simulation Tool: developed by TU Berlin and ETH Zurichyses.matsim.org

Seealsohttp://sua.ethz.ch/

Nationales Paonenverkehrsmodell (NPVM);
seehttp://www.are.admin.ch/dienstleistungen/00906/index.htmi2dag

a b~ W
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documents the status of the current FaLC implementat@pecifically, the presented results
refer to the status of the software anddels in April 2014. But, FaLC as well as the Swiss
Case Study will be further developed. Therefore, this represents only an intermediate result of
a work in progress.

After a short introduction (including workflow) and an overview of the FaLC framewiisk,

report will shortly describe the sap of the Swiss Case Study and the data used from the
FaLC databaseln Chapter 3, the different dynamic models are discussed. This inclades d
mographic events models such as birth and death rates, and firmogeaphts modelnk

cluding business establishment and closing. Chapter 4 presents additional models, such as the
Transport Simulation Module. In Chapter 5, results of the validation and calibration model
are presented. Chapters@mmarizeghe first resultof the implemented Use Cases. Finally

the paper closes with the main conclusions and gives an overview of the next steps.

1.2 Modelling concept

Compared to other (integrated) lange and transport simulation tools, FaLC will focus on
the following main objedtes:

A Data: data requirements shall be as low as possible.

A Spatial resolution: shall be modular and scalable. At first, a model on the
level of municipalities will be implemented.

A Code shall be open source, modular, transparent, stable, and with interfac
to other relevant software.

A Models: shall cover all relevant models to explain spatial ergn location
decisions (households, firms and people) and related transport activities.

A Run time: short run times allowtestingmultiple scenarios to validatbe
models angberformmultiple runs

A Costs FaLC shall allow the setp of a simple landise and transport model
(comparable to the model presented in thor) within 1-2 months
In parallel to the implementation of the software, the Swiss Case Studgtingachie\e-
mens of FaLC.Additionally, the implementation of the Swiss Case Study gives thereppo
tunity to have a template for further work in other regions.

Figure 1 shows the idea of the agent based modelling framework ingoled in FalLC:

agents like households, firms or persons move (or stay) in a certain study area, comparable to

a chess board. In this space, agents use different facilities for different purposes like buildings

and transport infrastructure (squares on thessboard). The different activities of these
agents (home, wor k, |l ei sure) are situated i1
use transport feedback cycle (Wegener and F
these locations are twofold) we observe daily movements between home, work and leisure;
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and b) we observe loAgrm decisions where agents live, where they work and where they
generally spend their spare time

Figurel  Model of agents behaviour in FaLC

space

location choice

transport

\ 4

infrastructurgbuildings/ transportsysten)

These two cycles are strongly connected andhtegrated landise models consequently
modelled in the same framework to consider interdependencies. Indeed, the FaLC @roject f
cuses mainly on lonterm location and relocation strategies with tirteps of generally one
year.

The idea of FaLC is to model daily transport movements in two-déigggegation levels,ca
cording to the questions to be answered:edfernal transport simulation tools such as
MATSIm or VISUM (and in the case of ARE, NPVM)ovide detailed informationand if
there is no transport simulation tool available or due to time calculation time constramts b)
an aggregated approach (e.g. titaelitional four step approad¢bh modeltranspor}, FaLC -
cusses more on Daily TranspordMmes and aarage travel times

Figure2 shows the modelling structure of the agents in Fav@ry persorfor resideny be-

longs to a household ardthe same time, every househddocated in a certain location of

the study aredn addition, persons are employed/unemployed. And, congruent to households,
everyfirm is situated in a locatigrioo.
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Figure2  Modeling structureof agents in FaLC
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The concept of FaLC has been prdéedimn detail at the Swiss Transport Research Confe
ence 2013 in Ascona (Bodenmann et al., 2013). In general, the presented ideas hawve been i
plemented accordingly, wittmallamendments addressed in this report.

1.3 Modelling framework

Figure 3 gives an overview of the different models and model types for the implemented
Swiss Case Study. In general, three different model types are invphadahbilistic models
combinedwith Monte Carlo simulatios) discrete choice modelsith, subsguently, also a
Monte Carlo simulation; and mooemplex model systerise transport simulatiosn

Probabilistic modelsgenerally use probabilities to dedicate certain events. E.g. a 50 year old
man has a certain probability to die, or a 30 year old womaana certain probability to get
pregnant. The probabilities can change by year and may depend on other rules. As we observe
that in larger zones households and firms tend to relocate within the zone, accordiag reloc
tion rates to other zones decreaséhwrntcreasing zonrareas. E.g. probabilities for firm cel

cation therefore depend on the sector as well as the size of the locatioRelmeation rates

and other pbabilities are used at different model stages and generally are derivedffirom

cial staistics

Discrete choice modelsre used to model a choice process such as new locations fer hous
holds or firms. In general, these models consist of differenrtrsadiels: a) calculation of the
utility of possible alteiomadived)(cympasosoa
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of these alternatives and calculation of the probability of each alternative to be chosen; c)
simulation of the choice by using Monte Carlo method. In fact, the last step is similar to the
other probabilistic modelsiFaLC.

Complex model systemgonsist of different suinodels including probabilistic as well as
discrete choice models.

Figure3 Base models (2013)

Spatial, economic and sociocultural framework

Demographic events model

Firmographic events model

Quitting employees model

Joining empoyees model
Firm relocation model

Household separation model
Household formation model
Household relocation model

household

ousehold location choice model Firm location choice model

coaraph socioculturel politics investors
geography values authorities developers
| probabilistic models |

| discrete choice models |

Each time step or cycle (usually one ygawill pass through differg steps containing fi

ferent models. In a first step, base information regarding the agents and locations have to be
updated by running th@éemographic events model.g. persons die or give birth to children)

and thetransport simulation modg(providesdistances and further accessibility variables).

The according results may influence the models of the seconchsiggeholdandjob sefa-

ration modes$ as well ashouseholcandfirm formationmodels In thehousehold and firma-

location nodel this informaton is needed to designate moving households and firms. Finally,

in the householdandfirm location choice modgkelocating households and firms choose a
new location.

6 of course, it would be possible to define a cycle of 6 months or 5 y&a#trsas most of the parameters are

calculated for a time period of one year (e.g. relocation rates), they would have to be adapted accordingly.
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1.4 Modelling workflow

The aim of FaLC is to implement practical software for plannersvels as researchers.
Therefore, this chapter focuses on the sequence of steps needed to create a scenario in FaLC,
ready to be analysed by the user.

As illustrated inFigure4, there are three different ways to start a scenaf@iiC:
a. by importing new raw data (input tables) in order to create a synthetic population;
b. by creating a synthetic population from existing raw data; and
c. by using an existing synthetic population in the FaLC database.

The source database five generationf asynthetic population is composed primarily Hy o

ficial census data (e.g.: Federal Census of Population or Business Census from FSP) and m
cro-census on mobility. Thanks to this information, it is possible to generate a synthetic pop
lation adapted tthe different locations in FaLC database (the current levéétafilis munc-
ipalitiesbut can balisaggregated in more detailthe future). Additionally, FaLC is based on
distance tables (time and/or distance between locatos)ded by external ansport md-

els (e.g. NPVM) or the simplified FaLC Transport Model.

Following, FaLC starts its core application: the dynamic cycles modelling the yearlgndyna

ics (e.g.: from year 2000 to 2020). The yearly cycle includes demographic models aa€d reloc
tion mockls, among others. Depending on the scenario, some annual assumptions-or cond
tions will be updated in a first step as external input (e.g. a new motorway segmentk-In a se
ond step, FaLC simulates the scenario through different models modifying, cyclelby

the initial dataset (e.g. people are born, others die, firms are closing, couples move together to
form a householdirms and households change their locatiéns,

Finally, the results of the simulation are written to different files compatible 8/SS, R,
MS-Excel or QGIS/ArcGIS. The user is now ready to visualise/analyse the final scenario.
Furthermore, a visualisation module is also included in FaLC and allows the user to visualise
maps comparing some important information between any of ttlescpredefined in FaLC
configuration. For example:

A Population distribution: annual balance of residents
A Employeedistribution: annual balance of employees

A Population dynamics: Balance of residents since previous run.
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Figure4 FaLC: general workflow
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As described above, FaLC creates any scenario by exporting an indidatoshich allows
a large flexibility to adapt/integrate it to any other specific softwiigure 5 illustrates a
possble workflow to analyse and visualize this indicatéils.

FaLC writes the indicator file including property and log file in a Dropbox fdidete al-
vantage of this procedure is that different personsrgarFaL.C on different computerbut
all memberof the FaLC project have the possibility to check results and log files.

Figure5 FaLC: workflow analysis/visualisation of results

YOFaLC

[Run + Export “csVe
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! ¢ JANTUM GIS
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Supportece.g.by a MSExcel application for the analysis of the resulting indicatibres,user
is able to import the FaLC indicatefite and analyse the results by comparing them with
other database, creating evolution diagrams or generating statistical reports.

In the same way, the indicator file can also be loaded as database in fupGi#isoftware
like QuantumGIS directly or by modifying the structure or adding informatidhet@atabase
via MS-Excel.

Using Dropbox isfor usersoptional; to work in a team, this can be a folder in a local network &S,
serve) or a FTRServer

10
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2 Swiss Case Study

2.1 Areaand aggregation level

The Swiss Case Study 20L®vers the whole area of Switzerland on a spatial scale atmun
ipalities as of the year of 2008dditionally, five cities with airportsandthe tenlargest cities

like Zurich, Bern, Basel, Geneva, or Sallen have been divided in further subzofiegotal

2949 analysis zonesJhese zones correspond to the zgnavel of the NationalPassenger
Transport Model (NPVM). Therefore, the zoning used for the Swiss Case Study is slightly
more detailed as the actual official municipalitjsseFigure6).

Figure6 Differences between NPVM zones and official municipalities 2010

Identical e
I Municipalities merged 3
Bl Cities dvided in zones‘

N

0 25 50 Km A
s ]

For visualization and to separate base data for the specific airports, its perimeter have been
digitalised by using land use perimeters from CORINE Land G@@86data, and the diff
cial perimetetin the specific case of Zurich airport.

8 The European Environment Agency (EEA)
% Kantonaler Richtplan (Beschluss des Kantonsrates (Festsetzung) Stavidr22014) http://maps.zh.ch/

11
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2.2 Data

As base inpytvarious publicly available datasets of the Swiss Federal Statistical Office
(FSO)are usedas well as a database including information of different sourcesililagc
municipalities (Bodenmann, 201T)he main datasets are listed in Table 1.

Tablel Datasets used

Dataset Source Costs Purpose

Swiss Federal Populatio FSO Included in proAbo Syntheticpersons anc
Census 2000 (PopC) (CHF 800-) households

Swiss Federal Business FSO Included in proAbo Synthetic businesses
Census 2001 (BusC) (CHF 800-)

Micro-Census FSO Free Parameter estimatior
Mobility and Transport (aggregated Data) for the creation of a
2010 synthetic populatio
Variables of municip&l different sources  Free Utility functions

ties (Bodenmann, 2011 (aggregated Data) (e.g. taxes)

Level of service matrice: NPVM (ARE) -- Distancestravel
(time, distance) (Contract needed) times
OpenStreetMap Openstreetiap.org - Distancestravel
(OSM) times

* data available directly in the provided Faliatabase of this Template

Service marices(in this report, generally referrdd as distance tables of ARE) are u$ed
simulationsas well as for testing thiateraction with external transport modekdditionally,

generated distances from OpenStreetMap are tastgbt the impact of potential infrastru
ture projects such as new motor ways.

Since nearly no micro levelata isavailable and especially since, wheniklde it is very
sensitive a synthetic population of persons, households and businesses has to le auilt.
first step, simplified synthetic data is used. This synthetic population can be provided as a
template for further case study aréga$Switzerland. Later, this data will be replaced by more
appropriate synthetic data calculated at IVT Zurich (Miller and Axhausen, 2012a).aAltern
tively, thesynthetisatbon module could be further developed.

A detailed description of the underlying processes toteréee synthetic population, as well

as further data used for the Swiss Case Study,291Be subject of an according whitepaper
of the FaLC documentatiofBodenmann et al., 20L4information regarding data sources is
also mentioned in the metiatafil es to the according input dataset.

12
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3 Dynamocdel s

In this chapter, the different dynamic models are discussed. This includes a) demographic
events models such as birth and death rates, and b) firmographic events model including
business establishment arldsing.

3.1 Demographic events

Demographic events model

model type probabilistic model

sources Indikatoren der Fruchtbarkeit in der Schweiz, 19502050
Sterberaten nach Alter und Geschlecht 206Q050
FSO (BEVNAT, ESPOP), Bodenmann et ak2009

FaLC implemetation .agentmodel.service.methods.LDMethodsNew_Impl_1

FaLC property files  app-config.xml
org.falcsim.agentmodel.app.domain.RunParameters
demographyOn = true

FalLCtablesin DB deathtable
birth table

Parameters probability of death for old people = 0.33
age limit for death.probability parameter = 93
Parameters are used to define probability of death for pedtble
ageolder than agestored in deathtabl@he values above define
that mortality of persons with age of 93 and older is 33% (per
year).

Dependhg onthe different attributeglike ageor civil status)of a persorthe probability to
die or giving birth to a child within a certain period of time differs. Knowing these probabil
ties for all persons in a certain region, a new number of personsastitmated for the end
of the time period.

After a Monte CarldSimulation the model selectpersonghat will die, or not In a second
step, an additional Monte Carlo Simulation denotes (not dwed)engiving birth to children
in the according period (i probabilitydepending omgeof the mother)

input output

persons in t persons in t+1

probability of death

probability of birth

Please note that the demographic events model directly changes the compositioncef the a
cording household.

13
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Immigr ation model

model type probabilistic model

sources -

FaLC implementation .agentmodel.service.methods.EWMethodsImpl_1

FaLC property files  app-config.xml
org.falcsim.agentmodel.app.domain.RunParameters
immigrationOn = false

Currently, this model is swihed of. It calculates numbers of immigrants and generates
households for them with statusinigrants.

Household separation model

model type probabilistic model

sources Population Census 2000 (FSO)
Beige (2008)
Bodenmann et al. (2009)

FaLC implemetation .agentmodel.service.methods.HHSeparationMethodsimpl_1

FaLCproperty files  app-config.xml
org.falcsim.agentmodel.app.domain.RunParameters
hhSeparationOn= true

FaLC DB tables umzugsraten_n_alter(rate ofchildrenthatleave hane)
scheidung_n_jahr(divorcerateg

Considering a household, the probability of changes depends on the persons (and respectively
their attributes) living in this househol@he household separation model includes tww pr
cesses:

Children leaving their parental household

Regardinga household consisting of yung adult (i.e20 years ol and his parents, the
probability that the young adult leaves the parental home is very high. On the one hand such

an event would cause a nesinglepersonhousehold and on the other hand the paien
household type woul d change FALC ocalnulafeSdr gachr s on
person in a household with &échildé status a
children will leave the household and create a new one increabesgeit

Couples divate.

Otherseparatioreventsthat could occur in households aligorces.Knowing the probability

of this change for alhouseholdsnakesit possible to estimate the new number as well as the
new structures of the households in aogegFalLC calculates the lifespaarfeach household

of couplesaccording to depending on thdurationof couples living togetheandthe proba-
bility of their separationcouple divorce as consequencehe accordinghouseholdis
ficlosed and two new(single-person) householdgenerated.

14
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input output
households in t households in t+1
probability of exit of household single persons changing household t+1

The new single households are important, as they potentially form new households (couples)
in anext step (see household formation model).

Household formation model

model type Discrete choice model

sources Beige2008
(see alsiller and Axhausen, 2012)

FaLC implemetation .agentmodel.service.methods.HHFormationMethodsIimpl_1

FaLCproperty files  app-config.xml
org.falcsim.agentmodel.app.domain.RunParameters
hhFormationOn= true

Parameters mate probability = 0.1
(probability that a singlpersongets in relation to another perso
minimal distance = 2[km]
(distances of less than 2km are set to 2 km)

In the event of couple decidg to movein togethera new household must be chosen. So e

ther one of the partners moves into the oth
household. To model this choice, push and pull factors for all appbesshouldbe known

(or estimated) to select the most likely household.

In the current implementation, this process was simplifi@ct, FaLC generates probability
intervals for locations of the new household according to the number of houselwldis-an
tancedo the locations with potential household membkrs& second step, for each male-pe
sonlooking for a partner (a certain percentage of males living in single households)dié
looksto find a female partneAs default values, 10% of men single households are loo
ing for a new partner.

input output

households in t+1

single persons changing household t+1 households in t+1

different variables

Currently,size of the household doast have any influence in the relocation proc@$ere-

fore, the number of households and househol c
next steps, demographic changes will be addressed and revised. The calibration of household
types will be the subject of thistureresearch work.

15
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Househdd relocation model

model type probabilistic model

sources Population Census 2000 (FSO)
(Bodenmann et al., 2009)

FaLC implemetation .agentmodel.utility.UtilityMoveSwiss 2 weightedl

FaLC property files  app-config.xml
org.falcsim.agentmodel.app.domain.RoParameters
utilitiesOn = true

FaLCproperty files umzugsraten_n_alter(migration rates)

In Switzerland aboub% of all households decide to move per ydart the probability to

move is not equally distributed among the households. The household cenpssiucture

and the characteristics of the persons living in a household are decisive for the probability to
move.

In the current implementationoif each household FaLC calculates the average age from all
earners. According to the average age, tlobatilities are used to define whether a lesus
hold will move or not.

input output
households in t+1 staying households in t+1
probability to move moving households in t+1

In fact, to select a moving household, all factike size and jobs of houseld member®f a
certainhouseholdshouldbe taken into accounthe implementation of a more adequate+el
cation model considering household types will be subject of future work.

Household location choice model

model type discrete choice model

sources Schirmer et al. (201J)

FaLC implemetation .agentmodel.utility.UtilityMoveSwiss_2_weighted1

FaLCproperty files  app-config.xml
org.falcsim.agentmodel.app.domain.RunParameters
utilitiesOn = true

Once a household has decided to move, the next step isdsecti® new location. Doing so,

all household members have their own preferences depending on factors like distance to
work/school, distance to leisure or shoppiagilities, sociecultural aspects, rental prices-a
cessibility, etc. The choice of the néweation must consider the preferences (in terms bf uti

ity functions) of all household membefSonsidering althe factors that influence the lee

tion choice, a utility function can be defined as the sum of the utilities of all household me
bers. Indeedio keep things simpléhe current implementation &faLC calculates the Uity

function for only one person, the head of the household. The head of the houseladyss a

16
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an adult person, ideally with a jolb there are several persons in a housepoksible as head
of the household, the head is randomly chosen out of the possible persons.

The following table shows the parameters used in the Swiss Case Studyn2@di3eral, n-
creasing distances to workplace and last location have a (strongly)veaggiact on theta
tractiveness of a location. In contrast, accessibility has a positive impact.

Parameter assumed b
Distance to last locatiojkm] -1.590

Distance to wrkplace [km] -1.590

Portion of households of the same size (within same 0.016

zone)

Accsssibility of Public Transport ¢igarithm) 0.056
Accessibility d Private Vehicular Transportdgjaritim) 0.056

Parameters for the utility function are based upon the final model proposed by Schirmer et al.

(2011), but due to a lack of dathetparameters had to be adapted for FaLC: a) the impact of

the distance to the last location is assumed to be equal as the impact of the distance to the
workplace; b) the estimated results for the accessibility variables have to be in common sense
positivevalues, as Schirmer et al. (2011) has a negative value for private vehicular transport,

the impact of both variables is assumed to be the mean value of Schirmerstesuilts.

Accessibility variables are calculated based on the potential apprbathis appoach, the
activity points are weighted according to their attractiveness (ttewelto reach the activity
pointy. The weightingollows over increasing distance or travel tim@egative exponential
function’.so that ativities in the immediate vicity of the observed point are more strongly
weighted than points at a largertdisce (see Bodenmann, 2011)

input output

moving households in t+1 location of households in t+1

different variables

In a second phase of the project, FaLC aims to aldade housing markets and the praces
es of renting flats and houses. Indeed, there is some research needed, and the dotesept to
grate markets has to be developed.

10 we assume thatlue to the strong connectidretween the accessibility variables, there strenginterde-
pendencebetween the estimated parametesulting in biased result$herfore, to keep the overall impact
of accessibilityconstantthe mean valuef theestimatedbarameter has been used.

1 A= %0 x ' | with A; = accessibility in municipality i; j = locations in the Case Study Area, m =
means of transport (car, public transpa@)= number of opportunities in j (e.g. residents or employees),
travel time (generalized costs)witho d us m bet ween i and | [ mMin.], B

17
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3.2 Firmographic events

Economic development model

model type probabilistic model

sources FSO, seco, Bodenmann 2006

FaLC implemetation .agentmodel.service.methods.BusinessEconomicDevimpl

FaLCproperty files  app-config.xml
org.falcsim.agentmodel.app.domain.RunParameters
firmographyOn= true
firmography.properties

Based on (exogenous globaoaomic indicatorsbusiness growth, establishments, arat cl
sures are modelle@ee following model description]his model is an intermediate step that
calculates expected control totals needed in thensadel for the firmographic events. The
results a@ the numbeof firms and workplaces provided per economic sector.

Main source for the exogenous economic indicators is the employment statistics of BFS. For
the future, a unemployment rate of 3.3% has lmssumed. Based on the predicted active
populatoni n t he future (BFS scenari o fime2860 f or
control totals for employees can be assumed for the same geende, in the current FaLC
version, the development of firms and employees are related to the (future) dexetagd

the residents.

input output
workplaces in t workplaces in t+1
firms in t firms in t+1

economic development

The assumption of the future number of employees is a very rough assumption. Indeed, at this
stage, a more reliable concept is migsamd has to be set up with according specialists. The
proposed approach is based on dssumed future development of residents and persons in
working age. In general, this is certainly the right base for this model.
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Firmographic events model

model type probabilistic model

sources FSO, seco, Bodenmann 2006

FaLC implementation .agentmodel.service.methods.BusinessEconomicDevimpl

FaLCproperty files  app-config.xml
org.falcsim.agentmodel.app.domain.RunParameters
firmographyOn= true
firmography.properties

FaLC DB table closures_migration

Based on economic developmeietfined in the previous moddlusiness establishments and
closures are modelled. FaLC calculates dach businessdurationof existence According

to duration andh probability table, buses®sare closed or not. Ifa business is closed, all
employees become unemployed.

Sector in FaLC Probability toclose
1 agriculture 3.6
2 production 3.74%
3 wholesale 5.09%
4  retail 5.67%
5 gastronomy 8.41%
6 finance 4.39%
7 services fC (for companies) 4.39%
8 other services 4.39%
9 others 4.80%
10 non movers (authorities, schools, etc.) 4.80%

Then for each sector analssumeduture number of companieBaLC generates new corap
niesuntil the control total prepared in tkeonomic development modisireached

input output

workplaces in firms in t workplaces in firms in t+1

distribution of firm types/growth
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Quitting employees model

model type probabilistic model

sources Beige 2008

FaLC implementation .agentmocel.service.methods.BusinessQuittingEmplimpl

app-config.xml
org.falcsim.agentmodel.app.domain.RunParameters
quittingEmplOn= true

firmography.properties

FaLCproperty files

FaLC DB table employement_durations

Sinceit isvery unlikely that a person condadhe same job (in the same position) for the d
ration of the entire working life, estimated probabilities of job changes are necessary- This a
lows the reasonable representation of empldimes between firms and respectively the
number of vacancies anthemployed persons. Job changes also occur when a young person
coming from school starts the professional life.

The following diagram shows the assumed development of the probability to leave a-firm d
pending on the duration that an employee was workitigisrfirm.

Figure7  Probability to change the job

25%
20%
o [\
10% I \_

5% \_\_\_\_\‘

0%

Probability to change job

0 5 10 15 20 25 30
Years in the same job

Source: Beige (2008)

For each employee, age and job duration is calculated. If the age of an employee reaches a
certain maximum age (nhow 65), the employee autamaiyi quits the job. All other empye
ees quit their job according to the probability based on the job duration.
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input output
job of persons in t persons keeping their job in t+1
probability of job changes persons looking for new job in t+1

Joining enmployees model

model type discrete choice model

sources Beige2008
(see alsKiller and Axhausen 2012)

FaLC implemetation .agentmodel.service.methods.BusinessJoiningEmplmpl

FaLCproperty files  app-config.xml
org.falcsim.agentmodel.app.domain.RunParamets
joiningEmplOn= true
firmography.properties

Parameters EMPLOYEE = 2
CEO=1
MAX_LEVEL_EMPL = 0.95

The choice of a workplacautually dependsn factors likeeducationand position of a pe

son, the distance to workplace or the wage levét@businessConsidering these factors the
probability of choosing a certain workplace can be estimated, and for every personcan appr
priate workplace can be assignédabsence of specific parameters, at this stage, FaLC only
uses the potential commuting distancealiocate jobs. Based on the results of Beige (2008),
the distance is weighted as an exponential functionfwithO . 1 .

First, FaLC generateslast with empty workplaces for all locationSecondthe calculation

goes randomly through all locations and for each businesacimocation, it tries to allocate
workers for all free jobg-aL.C distinguishes between empées (2) and CEO (1dhis gives

the opportunity (in a later step of FaLC) to introduce variables of the owner of person driven
firms.

The pining employeesnodelneeds an additional specHiion for the case that in the Case
Study Area are not enough ®ns available to cover all jobs with employees. In this case,
we assume that an according percentage of the jobs will remain unstaffed. Additionally, it is
implausible that in extremis all residents have a job. In consequence, an additional parameter
for the maximumlevel of employmenMLE (MAX_LEVEL EMPL) has beemtroduced.

FaLC calculates first thievel of employmenLE in the case Study Area based on the number
of jobs J ad the number of residents,/Rn theworking age

00 —

if LEL MLE then all free jobs will be filled
if LE> MLE thenthe free jobs will be filled with a certain probabily
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0
With
J Sum of jobs in the Case Study Area
E Sum of employees in the Case Study Area

Rva Sum of residents R in the working age (18 year$4 years)

LE  Level of Employment

MLE MaximumLevel of BEmployment(defined by parametéiAX LEVEL EMPL)
Pe Probability that a free job will be chosen by a new employaeyé 0%100%)

As soon ag-aL.C discoverghat in the Case Study Area are not enough persons available to
cover all jobs with employegthe free jobs will be filleanly with a certain probabilityPe by

using a Monte Carlo SimulatioAs in this status of the projeEaLC does notonsider im-
migration, themaximumlevel of employmenhas been fixed to a very high rate of 95%.

input output

unoccupied workplaces in businesses in 1 occupation of workplaces in t+1

persons looking for new job in t+1

different variables

In a £cond phase of the project, FaLC aims to include in the Workplace Choice Model, also a
model of the labour market. Indeed, there is some research needed and the according concept
to integrate markets has to be developed.

Firm relocation model

model type probabilistic model

sources Bodenmann 2011

FaLC implemetation .agentmodel.utility.UtilityMoveSwiss 2 weightedl

FaLC property files  app-config.xml
org.falcsim.agentmodel.app.domain.RunParameters
utilitiesOn = true

In Switzerland an approximatdotal of 3% of all firms decide tomove per year. Similaio
the household relocatipthe probability to move is not equally distributed among theé- bus
nessesFactors like sector, business and market size, available empl@teenfluence the
probability of rebcating.

In the current implementation, the probability for a firm to move depends only on its sector.
The following table shows the yearly probability of moving:
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Sector in FAC Probability to move
RRs
1 agriculture 0%
2 production 1.35%
3 wholesale 2.22%
4  retail 1.40%
5 gastronomy 1.1%%
6 finance 2.26%
7  servicedor companiegfC) 2.26%
8 other services 2.26%
9 others 1.77%
10 non movers (authorities, schools, etc.) 0%

The probability for agriculture to move is a speciadeaNe assume that this sector remains
relatively static Therefore, in this state of FaLC, this sector will generally not be modelled.
The according probability tmove was therefore set to zero.

input output
firms in t+1 staying firms in t+1
probahlity to move moving firms in t+1
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Firm location choice model

model type discrete choice model

sources Bodenmann (2011)

FaLC implemetation .agentmodel.utility.UtilityMoveSwiss_2_ weightedl

FaLC property files  app-config.xml
org.falcsim.agentmodel.appdomain.RunParameters
utilitiesOn = true

For all moving firms, this model allocates a new location considering sector, size, age and
other firm specific variables. In a later project phase, the location choice process may also i
clude preferences of thevaer(s) and business. Especially femal) person driverfirms,

these factors cannot be negleciBddenmann, 2011)

The following table shows the parameters for the utility function based on estimation results
published in Bodenmann (2011).

Parameter asumed b by sect
2 3 4 5 6 7 8 rest
Distance (Lambda) -0.081-0.08C-0.074-0.061-0.122-0.068-0.09¢-0.07¢€
Distance (BETA) 0.633 0.352 0.331 0.987 1.480 0.752 2.050 0.606
Land price for residential use -0.01£-0.011 0.000-0.003-0.084-0.012-0.07€-0.014
Density in Building Zones -0.022-0.015-0.003-0.018-0.04C-0.032-0.094-0.02¢&
Quote of persons with higher degre 0.037 0.009 0.028 0.160 0.115 0.086 0.066 0.056
Large or intermediate city 0.126 0.109 0.074 0.366 0.513 0.287 0.721 0.194
Rate of employees within same se(0.022 0.009 0.006 0.041 0.058 0.024-0.01£0.016
Index of diversity of sectors 0.075 0.030 0.026 0.045 0.274 0.086 0.076 0.060
Tax burden for holding companies -0.287
Tax burden for partnerships -0.041 -0.033-0.031 0.008-0.15¢-0.073-0.077-0.041
Tax burden for joint stock compani-0.095-0.071-0.03C-0.204-0.38€-0.152-0.23C-0.10€
Motorway connection 0.025 0.045 0.016 0.033 0.101 0.064 0.149 0.049
Rail connection 0.052 0.048 0.032 0.179 0.122 0.069 0.295 0.061
Accessibility to employees 0.030 0.018 0.017 0.028 0.095 0.040 0.171 0.033

Cantonal business development  0.136 0.083 0.065 0.215 0.281 0.157 0.345 0.119

sectors: 1 agriculture, 2 production, 3 wholesale, 4 retail, Srgastmy, 6 finance
7 servicedC, 8 other services

The largest impact of the variables has the distance to the last location of the firmnWith i
creasing distance, potential locations loose considerably on attractiveness. Additionally,
strong sitive impacts have alternatseepresentingities and business developmenteD

tailed information regarding the parameters and their ranking are available in Bodenmann
(2011).
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input output

moving firms in t+1 location of firms in t+1

different varables

In a second phase of the project, FaLC aims to include housing markets. Indeed, there is some
research needed and the according concept to integrate markets has to be developed.
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4 SpeciadulMes

Additionally to the core functionality of FaLC the dynamic (yearly) cycle$ the FaLC
software offers different other functionalities. The models used for the Swiss Case Study and
its assumptions are described in the following. These modules involve transport simulation
possibilities, use of subset of lons, land use restrictions, and growth limitation.

4.1 Transport Simulation Module

The internal Transport Simulation Tool provédgata forthe calculation olvalues assessed
by theutility functionsof different choice models. First and foremost, accdgyilvariables
and distance variables (measured in length on transport nebwtdvel time). Initially the
focus will lie on macroscopic private car transport netvaskvell as pedestrians

Additionally, due to the fact that most partners in the ooinsm use MATSIM(MATSIm
development team, 200@hdbr VISUM (PTV, 2011),interfaces tdhese Wwo transporimod-
elling systemsreimplemented

ARE implementation generally uses data of the Swiss National Passenger Transport Model
(NPVM). The integratiorof these data is done by a module that allows to impsrdie and

time tables from NPVM. All calibration tests base on distances and travel times from NPVM
(for private as well as public transport).

The internal transport simulation tool, consistingaoc$hortest path algorithm to updats-di
tances and travel times between locatioasd to calculate accessibility variables for each |
cation, is documenteid an implementation guid@eiler et al., 2014)

Additionally, thecurrentversion of FaLC includgthe possibility to choose the distances used
in FaLC models. This allowed the impact of new transport infrastructure to be (sseed
scenario 1 in chapter .6)

4.2 Subset of relevant locations

In order to perform the simulation process and reduce the nuhloaiculations as well as
the global running time-aLC generate$or each yearly cycldifferent subset of locations by
applying a series of conditions for important locations in the relocation module.

The potential locations where ampusehold or firm o c a t e dould be refodatedre n-
fluenced bya series otonditions following the MonteCarlo methodology

FaLC uses the official classificatiasf FSOfor large cities and agglomerations. Motorway
connections were howevar advancecalculated ad added to the location table through GIS
analysis.The conditions used for this purpose are representeigjime8.
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The set of alternatives is implemented by default in order to perform the simulation process
and reduce the nuwer of calculations as well as the global running time. Nevertheless, this
modulecanbe activatd/deactivatd by the usem the FaLC parameter file (nupropertieks

Figure8 Implement conditions farelevantocations

HOU&HOLDS FIRMS

Inner circle (r<25km by car)
100%

Outer circle (r<50km by car)

50%

Motorway connections (r<30km) Motorway connections (r<50km
50% 100%
Agglomeratbns + cities Agglomerations + cities
10% 10%

Large cities Large cities
50% 100%

In order to avoid white noise effsctiue to different sets of alternatives in the multiple runs
(chapter5.6), the current implementation &faLC can savehe ®ts of precalculated sublac
tions by year These sets agored inthe databasandFaLC and are used congruently in all
following runs
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Figure9 Set of alternative locatione relocate firmgrom Luzern(example)

Figure9 presentan example of the set of alternatives (orange locations) which will pdtentia
ly allocate firms moving from Luzern Innenstadt (red circle). As we can see, the big cities in
Switzerland as well as all the motorway connections (purple lines) in less tha@orB6tres

from Luzern Innenstadt are considered.

The average number of subset alternatives in each calculation is &®arfdr firms and
householdginstead of2949locations in the whole Case Study Aregis results in condr
erably faster simulatiotimes of a factor 10.
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4.3 Limitations based on land use restrictions

In reality, landuse regulations and territoriakstrictions limit the number of residents
(households) and jobs (firms) alocation,especially this holdsfor citiesandairport zones.

An absencef according limitations can lead to unlimited growth in these locationseTher
fore, an according indicator has been introduced in FaLC. This indicator can be used as a hard
limit (a household can or cannot choose this zone as an alternatiesriglocation process),

or the indicator can just be used to decelerate migrations in a given zone.

FaLC comparegach yeathe floor areavhich is occupied by the FaLC population with the
maximum floor area that can be built in the zone (or municipalitythe eventhat the ocua-
pied floor area reaches the maximum floor area, no additional persons can move in the zone.

The currentimplementation of FaL@istinguistestwo user typess. residentsr and jobsj().
Therefore FaLC will contrathe following rule for each locationfor different user types

OCCFA(RI) <= SzmaxFA(HIz)
1) for u=r
2) foru=
3) foru=r+
with:
OCCFA() occupied Floor Area (blpcation/anduse typew)
maxFA() maximum Floor Area (bylocation/buse typew, zone type?)

/b locations in the Case Study Area
z zone types (see tablg 1
u user typesr = residents, j =gbs

The Floor Area occupied (occAF) by the users r aadtalculated by
OccFAl=r) =R *FApp=r)
occFAW=)) =J*FAppli=))

with:
R sum of residents in tHecation(municipality)
J sum of jobs in théocaion (municipality)

FApp(u) Floor Area per persom?2 per Person]

The Floor Area per perso®App reflects the gross floor area that a person (as a resident or a
worker) usually occupies. The assunfédppare generally derived from data of BE®AIt-
wegget al., 2003)Gilgen (2001), Huber (19920Ithough some additional assumptions have

12 Monetindicator, see www.bfs.admin.ch/bfs/portal/fr/index/themen/21/02/ind32.indicator.70401.3212.html
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beenmade e.g., in Gastronomy, we assuB@ m2 per roonand0.46 jobs per roofi. This
results in about 65 m2 gross floor area per job (taking into consideration thedooteas
well as additional areas for restaurant, reception, and so on).

Tablel  Assumed Floor Area per persaB4pp by simulation year

entity sector Assumed Floor Area per person [m2/Person], by year
in FaLC 2000 2010 2020 2030 2040 2050

residents in city 91 39 44 46.5 49 50 51
residents in agglomeration 92 44 49 51.5 54 55 56
residents in small cities 93 44 49 51.5 54 55 56
residents countryside 94 49 54 56.5 59 60 61
job agriculture 1 10 10 10 10 10 10
job production 2 75 75 75 75 75 75
job wholesale 3 120 120 120 120 120 120
job retail 4 80 80 80 80 80 80
job gastronomy 5 65 65 65 65 65 65
job finances 6 40 40 40 40 40 40
job services for companies 7 35 35 35 35 35 35
job other services 8 45 45 45 45 45 45
job others 9 50 50 50 50 50 50
job non movers 10 10 10 10 10 10 10

Assumptiondased on Gilgen (2001), Huber (1992)

The Monet indicators of BFS (Altwegg et al., 2003) show that the occupied floor area per
person significantly inease over time. Monet indicators state between 1980 and 2000 a
constantaugmentatiorin the occupied flooareaof 5nt per decade. In 1980, each resident
occupied34nt; two decades later, in 2000, residents occupied Zdemperson. In FaLC, the
same gowth is consideredill 2020. After 2020, a smaller growth is assumed (2%per
decade).

The maximum Floor ArearfaxFA4 is calculated bymultiplying the area A of zone type z
with the maximum Utilization Factor (UF) and the maximum share of the user typ

Az) *UF(z) *ms(u,z)
A(z) * UF(z) * ms(u,z)
Az) *UF(z) * 1

maxFAU=1,z)
maxFAU=/,z)
maxFAU=r+/,z)

13 Referring to data fronsteigenberger Hotel Groupr 2007 (www.steigenbergerhotelgroup.cpmnd Hoté
fachschule Thun (www.hfthun.ch).
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with:
maxFA() maximum Floor Area (by use typeone typé
Az) Area of zone type
UF(z) maximum Utilization Factor in zone
ms() maximum share that a certain user type can achieve in zonegtype
u user typesr = residents, j =gbs

Table2  Assumed Utilization Factors (UF) peuildingzone typgARE)

code zone type max. usual maxinum
*x UF share of use share of use
resident.  work Resident. Jobs
u=r u=j

z UF(z) ms(uz) ms(uz)

11  Zone for residential use 0.43 94% 6% 100% 10%
(Wohnzone)

12 Zone for commercial and industrial use 1.00 5% 95% 10% 100%
(Gewerbe und Industrie)

13  Zone fo commercial and residential use 1.00 50% 50% 75%  100%
(Gewerbezone mit Wohnen)

14  Core zone development 1.00 50% 50% 90% 90%
(Kernzone Entwicklung)

15  Zone for public buildings 0.05 0% 100% * 0% 100%
(Zone fur 6ffentiIBauten und Anlagen)

16  Proteded areas (e.g: Green zones) 0.00 0% 0% 0% 0%
(eingeschrankte Bauzongn

17  Tourism and leisure zone (Tourismus L 0.05 0% 100% 0% 100%
FreizeitZone)

18  Zone for tansportactivities 0.05 0% 100% * 0% 100%
(Verkehrszonen

19  Special use 0.05 0% 100% * 0%  100%

(weitere Bawzonen

Assumptions based on calculations for 8dlothurn, Appenzell I.Rh., St. Gallen, Zurich
* assumed, as 0 will not reflect reality
** code used in data ABauzonenstatistik

The maximum Utilizabn Factor (UF)* is a widely used instrument in Swiss Urban Planning
to limit building densitiesAssumptionsarebasel on land use regulations in the Cantons of
Solothurn, Appenzell I1.Rh., St. Galleand Zurich. However, as the building zone types are
very generalized, large deviations can occur. FaLC can easily integrate additional zone types

14 1n German: Ausnitzungsziffer AZ
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with information for individual municipalities, cities and regions with more coherent data.
Table2 shows the assumptions that have been rfadbe currenimplementéon.

Exceptionshigher occupied Floor Area than maximum Floor Area in starting year

The assumptionsn Table 2 showed to be&oo low in large cities (where land use regulation
tend to allow more dense settlement) and in agricultural villages (with a relatively lame nu
ber of residents and employees located outside the officially designated buildingGemes.
erally, this leads already in the starting year to a higher occupied Floor Arethé¢harax-

mum Floor Area allowed in the zone. In the following years, these locations loose year by
year households and firmEo handlethis, the three rules have been amenbgdn additio-

al Floor Area representing the floor area not covered by the zptang(and the according
assumptions in FaLC)

OCCFA(RI) <= SzmaxFA(HI,z)+ obzFA(HI)

1) foru=r
2) foru=
3) for u=r#
with:
OCCFA() occupied Floor Area (bipcation/zanduse typer)

maxFA() maximum Floor Area (bylocation/buse typey, zone type?)
0bzFA() Floor Areaoutside the considered zoning pl@y location/buse typer)

/b locations in the Case Study Area
z zone types (see table 1)
u user typesr = residents, j =gbs

The values fovbzFA(/R)) are calculated or estimated in adeed and stored in the data base
in table obzFA. In the current implementati@gzFA(/H/) was calculated based on tha-st
tus in 2@0.'°

Additionally, we assuntthat themaximumFloor Area is at least 10% higher than theuwcc
pied Floor Area in year 2000

In the current implementation, a total of 147 locations are being affected by this rule. They
correspond to an important part of Swiss big cities and agglomerations as well as several
small locations where an important number are located in the caritBesnoand Ticino.

This selection of locations are consequently taking benefits of the floor area not covered by
the zoning plan (obzFA) designed by regioConcept.

A table containing the 147 locations could be find on FaLC DB chapters {Bage

15 x = (0ccFAI) x1.10) 7 Sz maxFAJR,z) if x >0: 0bzFA(/H) o2n EA£EFARu)=0m1d [ AU
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4.4 Growth limitation

To prevenin rare caseancontrolled growthn locations over short time perigdsmaximum
yearly growthin number of residentandemployeedas beenmplemented in FaLCMaxi-
mum growth is defined as percentageualBased on revealed maximum growth in mimnic
palities in Switzerland between 2000 and 2040ues are set to 4% foesidentsaand 25% for
employeesindeed, hese values can be changed in the FaLC piypfike.

At the beginning of the year, FaLC caldgsmaximumfuture number ofesidentsandem-
ployeesfor eachzone After all demography and firmography models are processed, FaLC
couns currentnumbers ofresidentsand employeesDuring relocation, current numbers are
updated after each move.the casethat themaximumnumber ofresidentdor current year is
reachedno additionaresidentscan move in the zondhe sameaule is checked foemploy-

ees
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5 Val i dafi 6&aLC modul es

The validation of resultss made bycomparingFaLC simulation reslis with official values

from the Federal Statistt Office, FSO (Population Census 2010, Business Census 2008).
The following chapters will explain the different stepscessaryto validate and calibrate
FaLC.

As in the current version of FaLC, assumpsidor the models of firms and households are on
a very simplified level, the validation of FaLC focuses for the time being on the number of
residents anémployees in the municipalities.

5.1 General statistics

The according analis can beunderstoodas a degee of achievement where 100% means
ARzero didrf eike®O@®sOito t.dntheHolowipgytivd differenspt at i st |
proaches are used: f@ADifference Iycoef@ehtaft i ve W
determinationo.

Validation by Relative Weight

This approactctalculatesthe fit by comparing the sum of relative weights (for inhabitants,
employees and firms) of FaLC and FSO (Statistical data for inhabitants in 2010 and Swiss
Business Census 2008). The relative weggfficient showshe main differences between

both data sources, taking into consideration the importance of each location related to the
whole study area.

27 p 1" 3

with:
n number of municipalitiesand |
@ number of residents or employees in municipaliFS)

@ estimated number of residents or employieasunicipality jby FaLC

Validation by R2 (coefficient of determination)

The advantage of validation by relative weight is that this approaeh tato accourthe fact
that a fit of a large municipality is more important thlhat of smaller municipalities. Indeed,
as most scientific analyses work with the coefficient of determination)seeaculated this
more common coefficient.
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The coefficent of determination indicates between 0 and 100%, how well data points fit a
statistical model by following theadaptedequation below:

B ® o
B ® ®

number of municipalities i
r2 for a certain indicator of a certain run
result of FaLC for municipality i

n
Y
®
&  average value of alld for i = 1-3000
w average result of all runs f60 (usually estimated result of the regression)
® & variation of residuals

W

A variation of()

Overall validation statistics

With a high level of achievement, both, Relativeight indicator and Rshow that FaLC fits
quite well for residents and especially well for employees. Generally, the values of dhe Rel
tive Weight Statistics are lower as the ordinafy Fhe fit of the estimaterksidents aném-
ployees isvery high with achieving an Rof 0.97 and 0.96

Figure10 Validationfor residents (200@010) and for employees (262008)°

Relative weight correlation (FaL<BFS)
RW_Residents 2010 RW_Employees 2008 RW_AVERAGE
77.0% 87.1% 82.1%
Coefficient of Correlation
R2_Residents 2010 R2_Employees 2008 R2_AVERAGE
0.97 0.96 0.96

Indeed it has to be mentioned that due to the absence of international migration in the current
version of FaLC, the number of residenitiways will be lower than thebserved residents in
reality. Despite this constraint, the reswdte outstandingly good this was also the reason

why the implementation of international migration has been postponed to a later project
phase.

16 Reference runfi201404-24-20-33_ ARE_0OA 10x_200@010 run_average ( ARE Net wor k 2005)
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5.2 Fit of absolute values by agent groups

The following set of diagrams compares the numbeesitientsand employeepredicted by
FaLCwith FSO official data for the ye@&010 and2008, as well as their classification &y
es or sectors of activity. For eaghoup a rehted degree of achievemddifference by red-
tive weight or K) is also represented

The double entry diagrams contain a series of dots that represent the number of residents or

empl oyees for each municipality daFdatai€thd ndi c a
AXxXo axis). I n the case FalLC export the same
| ocated over the fAequal o | ine.

As the green circle in the figubelows hows, t he more the dots are

the better FaLQesults fit to reality.

Residents as well as employees show also graphically a good fit. Indeed, also after isome cal
bration processes (s€hapter5.7), the number of employees still shows a bias between large
and small municipéies. Generally, we have systematically too many companies lea
ing/moving out ofthe large citiesThis has to be corrected in the next months by reducing the
relocating firms leaving cities. An according concept is already implemented in FaLC but is
currently not used.

Additionally, we observe a very biased fit for the employees in sector 1 (agriculture)cand se
tor 9 (non movers)rhe sector of gastronomy and hotels (sector 5) shows also too many firms
leaving large citie$ as restaurants and hotels geatlg avoid to relocate

The assumption that these sectors do not move at all may is too restricted and has to be r
vised in the nexsteps.
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Figurell FaLC indicators s FSO official datéor residentg2010) andemployeeg2008)*
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5.3 Validation by municipality

The next figures presentyaarly comparison between FaLC indicators (lines) and FSO off
cial dataover 10 years (squares) for residents (blaejlemployees (red) isix representative
municipalities, sortedbg u mber of residents (from 66000

In small municipalitiesZ£ell, ZH andRothenburg, LY the simulation resugtfit almost can-
pletely with the official data for residents and employees, being less correspondent 81 the ca
es of St.Gallen, Luzer,ausanne and Basel where FaLC slighlty underestimates the number
of residents (certainlglsobecause FaLC does not currently apply the immigrants).

Nevertheless, as we can observe in the cases of the cities of Bern and Zurich, whdre the su
urban areas due to the short distance to the cermine its work places play a crucial role in

the households and firms distribution (e.g: Oerlikon), FaLC resoftemployees appears
underestimated in comparisontte reality inlarge citiesand need to be reviedeMost im-
portant reason for this is the above mentioned relocation rate that is too large for cities. Add
tionally, it should be noted that talking about the cantonal level, as we will see in the next
chapter, FaLC values for Zurich fit quite well withetheality.

Figurel2 FaLC indicatorevolution 20062010 in villages
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Simulation tools like FaLChardly can model unexpected and stronglieasesr decreases
due tospecific reasas (e.g:new settlements d large firm). Especially, as the specificae
sonsfor these anomalies f t e n  spacifiégdtandbhee r e f o rimplementedin theb e
model

In general, we state that to advance the models of FaLC, focus has to lie oancitiesn-
terdependences with its surroundings.
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Figurel3 FaLC indicators evolution 2062010in cities
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5.4 Validation by canton

On acantonalandhence, moreggregated level, where te&ong interaction effecis f fci t vy
centei subur bi ao are avoided, we can observe tfF
with reality. In the following diagram, the case thfe Zurich canton,match almost perfelgt

with the reality

Concerning the year 2020, it should be noted that FaLC fits almost pettettie FSO po-
spective for thduture This holds not only for the Canton of Zurich, but also for most of the
other Catons

Figurel4 FaLC indicators evolution 2062020for the Canton of Zurich
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This result is conform to the common sense that predicting future development of mitnicipal
ties is nearly impossiblé whereas according @stations on the level of regions are much
more reliable.
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5.5 Spatial distribution of FaLC results

The next four maps={gure15 andFigure 16) were created in order to visualise the distrib
tion of inhabitantsand employees fahe time steps 2008 and 20E3timatedoy FaLC and
contrasedwith the valueof theFSO.

The spatial distribution is an important validation instrument to check regionally biased e
rors. Aim of the simulation results are not only a géigdout also to avoid regional depan
ent biases. This can be tested easily by according maps.

As we can observe at first sight, the general spatial distribution of FaLC in both cases are not
very distant from the official data (FSO). There are no newregmrowing in the surrodn

ing area and there are also no obvious areas sp#iialcorrelated errors. However, in the
current status of FaLC, we detect a general relocation of firms and households, ad cons
quently, employees and inhabitants, from theak areas to the urban zonasar cities’ but

not in the cities The reason, why cities are not growing is that they (generally) already
reached their maximal capacitin contrast, municipalities near the centre often have also
good ratings in the relation processes and offer free space to live and work.

Nevertheless, some further applications/modifications in the FaLC process have todse impl
mented to reach a better fit of the simulation results:reaye appropriatéand-use limit-

tions and market ecthanismsEspecially in agglomeration, market effects will be relevant
andi supposedly will lead to less increase of population. In any case, the spatial distrib
tion shows that the urban mechanisms in agglomeration have to be focused in a néxt mode
ling step.
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Figurel5 Distribution ofresidentdy municipality in 2010. FaLC & FSO
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Figurel6 Distribution of employees by municipality in 2008. FaLC & FSO
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In order to underand and analysthesedifferences as well as detect how close Fdit<to
reality,a comparative methodol ogy c aslptogoded.hdsi f f er
concept(as explained in the beginning of this chapsere Chapter 5.1).tentralizeslie re-
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resentation of the main differences taking into consideration the importance of each location
related to the whole study area.

9 9

Y2 7 B 9

with:
Y2 7 Differenceof Relative Weight in Location i
n number of municipalities i
number of residents or employees in municipality i (BFS)

estimated number of residentsesnployees by FaLC

The following mapsn Figure 17 show the distribution differences between FaLC and FSO
by applying tlis concept.

Due tothe large quantity of locations analysed in this case study (every value has talbe divi
ed bythe sum otthe 3000 value®f all municipalities in the Case Study Ajethe map units
are consequently very small (0.01a, O0.5a

Having a look at the following maps, the red colour means that FaLC is undenestithat
number of residents and empées(e.g: less employees iirich, Basel St.Gallen). On the
other hand, the blue colour means that FaLC is overestimating the values (e.g: mote inhabi
ants in Geneva).

In general, the missing migration from outside Switzerland results in a generatstivde

tion of the values. Additionally, white noise effects lead to differences in certain municipal
ties. Additionally the maps showneoverestimation in FaLC of residents in citiasd in co-
trast a general underestimation of firms in citi€ne reaon for this may is an incoherent
modelling of the market mechanisms between households and Ifirthe next stepghisis-

sue is tdbe addressed
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Figurel7 Differences of Relative Weight between FaLC and FS@Ré&sidentsn 2010 (top)

and Employees in 2008 (bottom)
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5.6 White noise

Unfortunately, theoutputs of scenarios often do reftowunambiguouseffects. Comparing

the results of the different scenarios, we note that the larger expected effects of a sagnario ar
the better the results are. Despite the good validation results, we therefore state that effects
have to reach a certain level to be visible. In fact, this is perfectly in line with results-of Ge
ger (2007) and Bodenmann (201Dne very important reasdor this observation is white
noisedue to the various Monte Carlo Simulations in different modéis following figures

show the variation, or white noise, comparfig identical FaLC runs with the mean value

of these runsAbove in absolute and beloin relative values,tdirst sight, we note a relagv

ly high white noise, especially for small municipalities.

Figurel8 White noisefor employeesfter 10 year$s rung
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Comparng the observed white noise after 10 yed&igyre 18) with those after 20 years
(Figurel9), we note a much larger noise after 20 ye@inss is reasonable, as with eachiMo

te Carlo Simulation processed in thedel, white noise wilincrease White noiseseems to
grow at least 50% and especially the number of very extreme outliners increased aensider
bly.

Figurel9 White noisefor employeesfter 20 year¢5 rung
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As most of the scenarios only have an impact of several dozens to hundreds of residents and

employees over 10 years, it is very important to reach reliabilities-50 #ésidents or m-
ployees. Unfortunately, this holds not only for small villagleut also for large cities, a®-

pacts are (or should not be) dependent from the size of a location. To analyse simeHation r
sults, we have to focus therefore first and foremost on absolute values.

This leads us to the question of how large confidentarials for residents and employees

are. InFehler! Verweisquelle konnte nicht gefunden werdenandFigure 20 the 95% cao-

fidence intervals for residents and employees are shown. The general assumption-of a size
i ndependent wh old. lesteadptheghite naisa i3 indreading with the size of a
zone with an increasing number of residentsand e oyees unt i | about
larger zones, the confidence interval keeps more or less dEypmyees start with a conf

dence interval of +/150 forsmall municipalities and the interval increases t85@ for large

18 This does not mean that results have to be presented only in absoluteRatweith adequate absolutelva
ues, it is also possible to show reliable relative valiresontrast, the reverse will not lead to reliable results
in small locations.
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cities. In contrast, the confidence interval foridests is between /00 and +200 re&
dents.

The reason for this is, that in the current implementation, the locations all are mess o
equally represented in the choice set. Only rural municipalities are considerably less often
part in the choice sé&twith the effect, that these locations show less white noise.

Figure20 Confidence interval of 95% for engylees &éfter 10 years

15000 * 20000 . . 25000
o s ) . <

Number of employees by municipality
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We have to note that these intervals aakd for 10yearruns. Therefore, +/200 residents
correspond tat averaget/- 20 residents per year. This is less than 10 households per year
andshows that even small yegdimulation errors result in importawhite noiseeffects.

Reducing whitenoise
The results above show that there are different possibilities to reduce white noise in micro
simulation:

1 (more) accurate utility functions in relocation processes
1 (more) simiar processes between scenario runs
1 multiple simulation runs to stabilise results

Getting more accurate utility functions needs additional research work and has totbe pos
poned to a further step of the FaLC projeéotleed, as discussed earlier in thisptkg the
white noise can be considerably be reduced with accurate functions.

In contrast, getting as similar scenario runs as possible is a consecutive task. Themaurrent i
plementation of FaLC provides e.g. the possibility that sets of alternativeddicatien po-
cesses can be used identically for all scenarios.

Wolf (2001) gives an overview of different approaches to reduce white Wowsery effec-
tive way to reduce white noise is the use of multiple rtm&alLC,the user/modellecanse-
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lect how maw times will FaLC run a given scenammd FaLC will not only calculate the+
sults for each run, but also the mean values

Figure21 shows the effect of multiple runs on the reliability of the results. The graphs show
95% and 50% cdidence intervals as well as minimum and maximum errors by an increasing
number of runs. The according means have been compared to the mean values of 100 runs.
For residents, the 95% decreases considerably from +45 tafter 10 runs to +30 after 20

runs. After 20 runs the accuracy of still slightly better with each additional run, but to reach
results with accuracy of about-+15 at least 50 runs are needed. For firms, the according
graph is quite similar, but slightly less good.

This is the reason whfor the scenarios presented in chapter 6, for the base scenario 75 runs
(95% confidence intervals of about 40 residents and +15 employees) and for the scena

ios 50 runs (+/15 residents and +20 employees) have been used. The results aredheref

+/- 25 residentsand 485 empl oyees. |l ndeed, this is donl
in other words, about 5% of the locations still show errors larger than this interval.

In further development of FaLC, it should be consideragstomore sdpsticated methods to

estimate confidence intervals and potential bias. This is quite an important task as e.g. 50 runs

of 10 years for 7 Millions of residents in 3000 municipalities (in other words: the Swiss Case
Study) need 16 hours to be calculatedao82 GB RAM Computer with SSDisc. This is

guite RAexpensiveo i f we consider that al so ¢
be done. A possible solution could be Efront¢
to reduce the number of dlel runs(see also Wolf, 2001)ndeed, also these approaches

will need several parallel runs.
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Figure21 White noisereduced by using the average of several runs
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5.7 Calibration

Due to the good results in the validatiopmr ocess, the FalLC Swilss Cas:
ibrated in the narrow seasf the word.This means, parameter of the utility functiongen-

eralwere kept as they had been derived from empirical wéokvever, after analysing some
simulation reslis ard causeeffects relationsdifferent amendments have been made:

1 Amendment of the workflow of the different models to get more randomness in the
resultsi and avoid bias due to the modelling workflGW.

1 Additionally, growth limitation based on legal land ugmitations has been irdr
duced (see chapter 4.3) where no more people are allowed to move into a zone once
no more floor space is available.

71 In the location choice model of households, we introduced also the distance to the
former place of domicile to ad too many relocations over long distanc&gddition-
ally, the negative parameter for accessibility of Private Vehicule Transport has been
corrected (see chaptan).

1 In rare cases, very attractive locations show up very highiggorates. As setting up
new settlements in a larger scale are long lasting processes, growing rates have been
restricted to plausible values (see chagtdy.

1 Finally, different smaller errors and bugs have been detected @l Tikis concerns
the FaLC code as well as base data (e.g. the simplified-R&ork).

Further amendments are postponed to a later phase of the FaLC project for two reasons: the
general validation results are already very good; and we suggest to nestiieef model p-
rameters (especially regarding household relocation processes) before risking-a over
calibration due to wrong assumptions.

19 Indeed, micro simulation is alwaystightrope walkbetween the less possible randomness (causing white
noise) and the prevention of potential biases (causing just wrong results).
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6 ScenaSiinul aRteisaund t s

The FaLC simulation toolfocusses on landse and transporEor ARE a specific intest is

on investigating the relationship between lusg and transport, to analyisew landuse is
affected by different impacts such as changing land regulations and transport infrastructure,
political and governmental decisions. In the following, we foexemplarilyon three poss

ble scenarios:

1 Effects ofa specificcoad néwork modification
1 Effects of tle future street network (ARE)
1 Effects ofaland reguhtion modification (capacity)

The following chaptesshow the effectsf these impactsntleed, thee are other spatially e
evant political and governmental decisidghat could be tested in FaLBesidethe political
and governmental decisions tested for this report, diverse ptissible options for actions
are changes in taxesncentives for the stablishment of firms, providing good leisure and
school infrastructure etc.

6.1 Scenario 1: Effects of road network modification

Different researchers prove a direct impact of changing transport infrastructure on different
land use indicators such asmberof residentsbusinessesand land pricen concerned&-

gions (Tschopp, 2007; Cheshiand Sheppard, 2005; Boarnahd Chalermpong, 2001)n-
deed,alsoindirect effects can occur unexpectediyr example loss of firms in adjacennhi
terlands (e.g. Bodenman 2011).What are the demographic arulsinesseffects of m-
provements in transport infrastructure? In order to know how firm and householdscdreice
influenced byaccessibility onescenario was created in FaLC by modifying the existing road
network

As this scenario needs specifidaptation of the transport network, this scenario does not
base on travel times of NPVNbut on travel times calculated directly in FaLC based on the
network of OpenStreetMafpecifically,we includeda new motorwayccessonnecting -

risau and Waldstatvith the motorway Al between the cities of St.Gallen and Zuritte
adaptechetwork was designed and applied in FaLC.

The following mapshowsthe effectof the new motorway connection in direction of Herisau
and Waldstatafter 10 simulation years. Due to multiple simulation runs of the base scenario
(75 parallel runs) and the scenario itself (50 runs), white noise is reduced to aBoues/

dents and employees (95% confidence interval). Even by showing only valbes difter-

ence of more than 40 resideatsd employees, we still observe some municipalities affected
by white noise.
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The only municipality that isikewise affected in both simulations is Herisau. This is in line

with theresults of Bodenmann (2011), silatng the same new motorway connection. Also

this simulations showed the largest positive effect in HeriBlae.positive impacts for Wad

statt as well as the negative impacts for St.Gallen and Gossau revealed in Bodenmann (2011)
can also be found in tHeaL.C simulationg but often on a very low level and thereforehwit

in the white noise boundaries.

Figure22 Relocation effects due twew motorway connection
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Figure 23 shows the case of Waldstatt a randomly selected simulation run. The example
reveals theevolutionary impact on residents and employgtasting in 2010Astonishingly,

the effect of a new motorway access and its higher acdégsitfiother locationsnainly has

an impact on residents for the first yeBine reason for this is that the new motorway conne

tion re-rates the attractiveness of the locations considerathlis results in a new spatialsdi

tribution of residents. As in the lfowing years the model does not receive a further large i

pact, attractiveness of locations do not change measurably. The resulting changes in land use
distribution therefore keeps accordingly minor.

Figure23 Firm relocation effets due to new motorway connectioriWaldstatt
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In contrast, for companies, the impact seems to be less strong and to last longer. This reveals
thatthe eonomic development modedstimating the future number of firms and employees

in all locations tends to reduce the impact of the different scenarios on firms and employees.
As |l ong as i mpacts are very high (e. gl the
ibration problem (impacts are too small). But, when impacts are sniaargsult tends to be
hidden by white noise.

In consequenceahe results show that a confidence interval of 95% is still very week to test
local scenarios. 100 multiple runs of both scenarios (base scenario as well as the geenario i
self) would result ira more appropriate 95% confidence interval of abo@0+/Additionally,

in a further improvement of the model, the mechanism in FaLC to control the (general) nu
ber of firms and employeetiouldbe revised.
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6.2 Scenario 2: Effects of the future road network (NPVM 2030)

In this scenario, FaLC simulates the effectdtmn spatial distribution of thpopulationcon-
sidering the presumably road network of 2030 (ARE network for NP¢bharios)Based

on the ARE networks, the travel time between locations can belad. The travel time is
considered in the location choice processes for firms and households as it represeats a vari
ble assessed within the utility functions.

ARE provided two versions of the road network, first a version of 2005, second a version of
2030 including all network changes resulting from the 1. Programmbotschaft Engpassbeseit
gung.Sq, this scenario shows the effectstbé future networkon the relocation of firms and
householdsAccording results of FaLC could be the base for the assu®ewgraphic and
sociceconomicdata needed in transport models estimating future travel behaviour (such as
NPVM 2030).

In the following map wesee the effects on the spatial distribution of residents in Switzerland.
In general, adecreasef residents inural areas is noted. But in sonme periurban areas,
population tends to increase (e.g. near Zurich and in Aarfjagye areabecomebetterac-
cessible and, consequently the number of ressdanteass in this arealnterestingly, the
cities show a verdiverse benefit of the planned netwadtvancements. Cities like St.Gallen
and Bern profit ofchangingaccessibilities, whereas first and foremost Zurich and Geneva
seem to loose attractiveness and therefore residents.

Figure24 Relocation effectsn residentslue to improvemenis transport infrastructure
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Regarding employees, the results are simHapecially Zurich will also loose employees.
Other cities show different effects as for residents. This coulddomsequence of supre
sion effects between the different use types.

Figure25 Relocation effect®n employeedue to improvemenis transport infrastructure
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6.3 Scenario 3: Effects of land-use regulation modification

What areghe demographic and firmographic shoahd longterm effects of changing land use
regulations such as densification of existing building zones or designation of new building
zones? One common option for action in spatial planning changdand-useregulations.

For exampldreezing the limits of building zones is an option obsea&dealizedn the new
cantonal directive plan of Zurich. Usually, this strateggppliedby spatial planners tdens-

fy the building park within the building zoseTo evaluate and compare effects of thesé stra
egies,a scenario assuming much higher utility factors for building zones was implemented.

To get significant effects, we assume that all over Switzerlansndgrémum floor areas
raised by 20%Applying ths change we assume thaties can handle ammportant number
of additionalresidentandemployees

Figure26 Residentelocation effects due to land regulation modification
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As we canseein Figure 27, theimpactin large cities anddjacentsuburban areais much
strongerthanin rural area. In general, agglomerations tend to become considerably denser.
But i at first sight astonishingly the results show a restructuration in the core of the a
glomerations: households leave the core area and in return, firms move in the coregef the a
glomeration. This is due to the composition of the utility function, where firms react stronger
on additional capacities in building zones. But, this results alieenwith the approach of

von Thinen. Transfering the rings of von Thinen to cities, we would also assume #at esp
cially firms (of the third economic sector) tend to move to the city.
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Comparing the results for employees to those for residents, we Satelar to the results
discussed in scenarioila considerably smaller impact on firms. Disregarding the cities,
most locationsshow smaller effects than the-40 employees, we considered as limit to
avoid most impact of white noise.

Figure27 Employeeselocation effects due to land regulation modification
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7 Concl usi on

About two years after the stannplemening FaLC, the consortium is happy toepent the

first prototype of FaLCThe software has already achieved a status that allows the compar
son of different scenarios. FaLC runs very stable perdormsfast (beang in mind that
FaLC is a micro simulation tool simulating decisions and events for dwdiviagents)One

cycle of one year, modelling 7 million residents and 4 million employees in about 3000
zones, takes aboBt4 minutes to calculat&his allows multiple runs to reduce white noise in
simulation resultsindeed, it is important to mention that FaLQl $tas to deal with muchad

ta, this results in long times to read and write in the data base. Depending on the content to be
saved, saving data lasts betweer200minutes with fast SSD drigeAdditionally, FaLC is
compatiblevith different phatformsand has been tested ®vindows 7, 8, 8.1and Wbuntu
(Linux), andalsoin the cloud (Amazods EIl asti ¢ BECHmput e Cl oud

7.1 Validation of the Swiss Case Study

The results of the Swiss Case Study show thdéspite of the sometimesgery simplified

modelsi the estimations in FaLC are quite accunateomparisornto datafrom the Swiss
CensusAs the current FaLC i mplement at iheope- shall
sented validation so far focuses on totals of number ofaetsicand firms. The different parts

of FaLC have been tested separately:

Synthetic Population Module

Base of each simulation @&population for the starting ye#trat should bes realistic as @

sible Usually, this population including detailed infation about soci@conomic chara

teristics on micrelevel is not available and has to be-precessed synthetically at least
partially. If needed, FaLC provides methods to set up a synthetic population based on totals
from official statistics (e.g. thetal number of residents by age and sex in the municipalities).

A comparison with real data from population census and business census show that also after
connecting persons to households and firms, the totals can be hold. But, at the current stage,
the commuting distances are only visually controlled. In a next step of the Syntheti@Popul
tion Module, the commuting distances should be modelled and validated more accurately.

Simplified Transport Mod ule

The Swiss Case Study implemented for ARE basedisiance and travel time tabldsawn

from theSwiss National Passenger Transport Model (NPVAEcording NPVM data are in
FaLC neither validizd nor calibrated. Distances and travel times provided by the Falr€ inte
nal transport module are only used for the simulation 1 where the transport network was
adapted with only one additional projeCurrently, the iplemented transport mabk bases

onthe street network of Open Street Map and estimated velocities of this network. In-the cu
rent implementation, these velocities depend onntlagimumallowed speed for different
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street types. Therefore, a comparison of the tieguiravel times bisveen munigpalities with
those of the National Passenger Transport Model (NPy&#igerallyshowlower travel times.
But, the erros arein generalonly in the range of some percentages. Thibésreason, why
the travel times were not additially calibrated & detailed compé&on of the different @
proaches giveZeiler et al. 2014).

Yearly cycles

The yearly cycles include about onezdo of different model§partly including several $u
models) Based on the validation results, different weaknesses and errors of FaLC have been
detected and corrected. But, due to the finally very good results, no further calibration was
made. This will ke donel if neededi after a further amelioration of parameters in thelmo

els. Focus lies on integrating a more comprehensive behavioural model for the régidents
cation choice processes.

Due to data availability, the validation process covers the tenedg from year 2000 (base

year) to 2010. Although, no calibration was performed, the fit of the modelling results-are u
expectedly high. The comparison with real data of the population census and business census
show acoefficient of determinatiofR* geneally higher than 0.9¢depending on the indigt

ual runs).Indeed, we note that considering the size of the municipalities, we get lower values:
the proposed indicator dRelative Weight rrelationgets values between 0.70 and 0.90.
Which are still vey good results, as this indicator is not directly comparable? tan@ tends

to result in lower values.

7.2 Results of the scenarios

To test sensitivity of FaLGgifferent scenarios were calculated. The results show that esp
cially powerful effects (g. increasing théJtilization Factors in all municipalitiesf Switza-
land) deliver correspondingly strong and plausitgsults. Scenarios with weaker and more
local effects (e.g. the motorway connection) tend to remain invisible in the whitei rengke
therefore need means to reduce white noise in the results

In contrast to macro simulation, micro simulation processaally base on decisions of ind

vidual so called agents (discrete choice models). In FaLC, these decision makers are persons
(as residents or employees), households or firms. To simulate these processes, usually the
Monte-Carlo-Approach is implemented. Thapproach considers also less probable decisions

i as we often see in real liieand leads naturally in each run to slightly different results.
This white noise causes no obvious problem during the validation process. In contrast, the
white noise leadsotsome problems as soon as different scenarios with small differences are
compared. In this case, the results tend to be hidden by the white noise. In the future, scenario
runs have to run several times to eliminate these problems.
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To get plausible resultshe scenarios were calculated multiple times (base scemigniano
amendmentd5 runs and scenarios 50 times)d the mean values were themalysedand
compared. This allowseducingwhite noise of about +300 residents andmployeeg95%
confidential interval for comparison of two individual runs, 10 ye&rg)about +£30.

With thesemultiple runs, it is possible to show also the eff@ca single motorway conge
tion like the link from Waldstatt and Herisdao motorway Al (scenario 1). Stronger impacts
like the future road network 2030 (scenario 2) and changinguaadegulation in whole
Switzerland(scenario 3) result in appropriately distinct effects on-lasel

7.3 Next steps

The next steps in the developnt of FALC take place irtwo areas. First, an advancement of
the software is desirednd,secondly, a revision of the models and model parameters will be
made.

Software

Regarding the technical advancements, it is very importadd fartherwork on afunctiond-
ity to implement, control and analyse multiple runs in FaR@ditionally, FaLC will im-
prove the implementation of different scenarios

In general, the aim of FaLC is to provide a us@mdly software for modellers. Therefore,
simple GUI toedit property files and to control outputs, as well as an extended GUlavith a
ditional support e.g. for data import and analyses is plarhegntral concermare alsousa-
bility of FaLC for the first steps. In this regard, a prototype of an Installatisistast hasla
ready been implemented (Séigure28). This wizard simplifies the installation of FaLCrzo
siderably.

%0 The 95% confidence interval of one individual run over 10 years is in the current implementation of the
FaLC Swiss Case Styd+/- 150 residents and 4200 emploges. As we compare two individual runs, the
95% confidence interval of the result is about the double.
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Figure28 FaLC Installation Assistant (test version)
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Revision of the models and moel parameter

As part ofthe further advancements of the models, different steps are pladnedf the
highest priorities is the correction of the simulation population to be coherent with spatially
superior assumptions and priorities (e.g. demograpnecést of BFS for cantons by sex and
age of residents). Additionally, the household relocation model shall include further info
mation, such as nationality of household members. A further, very important step includes the
implementation of a market modutensidering realistically prices for land, buildings, flats
and offices. To reduce white noise, it is also planned to review all model parameteroef the |
cation choice models (first of all, the parameters of the household relocation model).

Regarding tansport modelling and calculation of travel time, the estimated velocities used at
the current stage will bexchanged with more reliable values of a new speed regressin mo
el (Zeiler et al. 2014).

The second priority itludes additional attributes for persons regarding education, wages, n
tionality, languages. Furthermore, these attributes need a set of additional transition models
and will be integrated in existing models, such as job choice and relocation models.

A work step of lower priority includes the extension of FaLC with a Developer Module to
model new constructions and refurbishments. Nevertheless, in delongerspective, this
module is also quite interesting as it is crucial to estimate future energy qaitgsum

As a general conclusiome state thaFaLC achieved the announced goals. Over all, the si
ulation results regarding residents and employees are coherent with re@irdtte technical
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side, FaLC runs stable and fast and is already very usedlfieAll these consedive

achievementswill turn FaLC into an incrediby reliable spatial planning todhat is just
fiaround the corner .
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