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Abstract

The main goal of the Swiss Case Study is to test convenience and achievement of thie-
jectivesfor thewhole FaLC projectThe presented results are an intermediate state of w
progress and refer to t Bauars20lb. Fal@ asenelldas i
Swiss Case Study will be further developed.

This report focuses on the different dymic models that have been implemernte&alCdur-
ing the years 2012 and 20and ispart of the FaLC documentatiomhoseimplementatios
will also serve as a template for further Case Studies.

This Working Papeis an extended version of FaLC Working Paper 02.
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1 |l ntroducti on

1.1 Goals

The implementeé Swiss Case Study shall test thedelling accuracandachievement ofhe
FaLC project aims. Additionally, a second objective of the Case Study is to give potgntial u
ers the opportunity to have a template for further work in other regions.

This reportfocuses on the different dynamic models that have been implemented during the
last yeas. It is a revision of a former description of the Case Study (see Bodenmann et al.
2014b), and therefore, contains large passages of its predecessor. Indeed, foeneraee

jor changes to be noted:

A Migration Models: a new migration model has been included

A Check of residentsin the new FaLC version, it is possible to compareusim
lated FaLCGpopulation with given number of residents (e.g. real data or off
cial scenarie for cantons) and correct Fais@nulations to these numbers.

A Relocations within large cities the results showed theglocation rates (between
locations) especially for firms, depend significantly on the size of the municipality.
Large municipalities ahcities give opportunities to relocate withatation Reb-
cation rates therefore decrease with increasireogithe settlement.
It is meant as the final report of the work done in28ddadditionallydocuments the status
of the current FaLC impleméations.But, FaLC as well as the Swiss Case Study will lve fu
ther 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 framework, this
reportwill shortly describe the setp of the Swiss Case Study and the data used from the
FaLC databaseln Chapter 3, the different dynamic models are discussed. This incledes d
mographic events models such as birth and death rates, and firmographic evehtsimode
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 results of the impleemted Use Cases. Finally

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

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

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 interfaces
to otherrelevant software.

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

A Run time: short run times allowtestingmultiple scenarios to validate the
models ad performmultiple runs

A Costs FaLC shall allow the setp of a simple landise and transport model
(comparable to the model presented in taEor) within 1-2 months
In parallel to the implementation of the software, the Swiss Case Study is &dtiage-
ment 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 implemented-@1 Fa
agentdike households, firms or personwve (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 the chessboird)different activities of these

agents (home, work, leisure) are situated in these facilities. In the line with Wesglamel

use transport feedback cycle (Weageand Fg¢r st 1999) , t he agent
these locations are twofold: a) we obhs&edaily movements between home, work and leisure;

and b) we observe loAgrm decisions where agents live, where they work and where they
generally spend their spare time.
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Figurel Model of agents behaviour in FaLC
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These two cycles are strongly connected amdntegrated landise models consequently
modelled in the same framework to consider interdependencies. Indeed, the FaLC @roject f
cuses mainly on lorterm location and relocation strategies with time steps cérgéiy one

year.

The idea of FaLC is to model daily transport movements in two-éiggeegation levels,ca
cording to the questions to be answered:esernal transport simulation tools such as
MATSIm or VISUM (and in the case of ARE, NPVM)ovide detaid information and 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¢h modeltranspor}, FaLC b-
cusses more on Daily Transport Volumes average travel times

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

longs to a household ardithe same time, every househadocated in a certain location of

the studyarea In addition, persons are employed/unemployed. And, congruent to households,
everyfirm is situated in a locatiqroo.
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Figure2  Modeling structureof agents in FaLC
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The concept of FaLC has been preseiedetal at the Swiss Transport Research Confe
ence 2013 in Ascona (Bodenmann et al., 2013). In general, the presented ideas hawe 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 invphadudibilistic models
combinedwith Monte Carlo simulatiog) discrete choice modelsith, subsequently, sb a
Monte Carlo simulation; and mooemplex model systerilse transport simulatio

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 woman hasaaqgendbability 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 decrease with incrgasomeareas. 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 derivedffirrom

cial statistics

Discrete choice modelare used to model a choice process such as new locations fer hous
holds or firms. In general, these models consist of differentrsdels: a) calculation of the
utility of possibl e alter natampaeson of theyutilides s o

C

a
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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 models in FaLC.

Complex model systemsonsist of different suimodels including probabilistic as well as
discrete choice models.

Figure3 Base models (2013)

Spatial, economic and sociocultural framework

| Demographic events model |

Household separation model |

Firmographic events model
Quitting employees model
Joining empoyees model |

Firm relocation model |
Firm location choice model |

|

| Household formation model
| Migration model
|
|
|

household

Household relocation model

Household location choice model |
Residents Check |

Transport module

eoaranh socmculturel polltlcs lnvestors
geography values authorltles developers
| models |

Each time step or cycle (usually one ygawill pass through different stepsrtaining df-

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

and thetransport simulation modg]provides distancesnd further accessibility variables).

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

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

location nodel this information is neestl to designate moving households and firms. Finally,

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

Of course, it would be possible to define a cycle of 6 noothb yearsBut, as 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 planners as well aarchsrs.
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 scenario in FaLC:
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 fiie generation of aynttetic population is composed primarily bi¢ o

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

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

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

ics (e.g.: from year 2000 to 2020). The yearly cycle includes demographic models aa€d reloc
tion models, amongthers. 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, cycle by cycle,
theinitial 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 with SPSS, 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 the cyclesipeedef 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: geneal workflow
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2 Swiss Case Study

2.1 Areaand aggregation level

The Swiss Case Study 20X®vers the whole area of Switzerland on a spatial scale otmuni
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 subzofiedotal
2949 analysis zonesJhese zones correspond to the zonewgl of the NationalPassenger
Transport Model (NPVM). Therefore, the zoning used for the S@ase Study is slightly
more detailed as the actual official municipalifjsseFigure5).

Figure5 Differences between NPVM zones and official municipalities 2010

FaLC locations - differences to municipalities 2010
E no changes

- fusion of municipalities
- quarter of big cities

- airports

For visualzation and to separate base data for the specific airports, its perimeter have been
digitalised by using land use perimeters from CORINE Land G@@96 data, and the off
cial perimetet in the specific case of Zurich airport.

2 The European Environment Agency (EEA)
% Kantonaler Richtplan (Beschluss des Kantonsrates (Eestgp Stand: 24Marz 2014) http://maps.zh.ch/

10
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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 sources describing
municipalities (Bodenmann, 201The main datasets are listed in Table 1.

Tablel Datasets used

Dataset Source Costs Purpose

Swiss Federal Populatic FSO Included in proAbo Synthetic persons an
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 population
Variables of municipal  different sources  Free Utility f unctions

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

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

* data available directly in the provided Faliatabase of thi$emplate

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

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, when availabis very
sensitive a synthetic population of persons, households and businesses hasuth. e &

first step, simplified synthetic data is used. This synthetic population can be provided as a
template for further case study ar@a$Switzerland Later, this data will be replaced by more
appropriate synthetic data calculated at IVT Zurich l{gtiand Axhausen, 2012a). Altern

tively, thesynthetisatbon module could be further developed.

A detailed description of the underlying processes to create the synthetic population, as well
as further data used for the Swiss Case Study,201Be subjet of an according whitepaper

of the FaLC documentatiagfBodenmann et al., 20L4information regarding data sources is
also mentioned in the metkatafiles to the according input dataset.

11
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3 Dynamnmocdel s

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

3.1 Demographic events

Demographic events model

model type probabilistic model

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

FaLC implementation .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 deathdoplewith
ageolder than agestored in deathtabl@he values above define
that mortality of persons with age of 93 and older is 33% (per
year).

Depending orthe 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 prababil

ties for all persons in a certain region, a new number of persons can be estimated 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 eved)engiving birth to children
in the according period (withrobabilitydepending omgeof the mother)

input output
persons int persons in t+1
probalility of death

probability of birth

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

12
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Household separation model

model type probabilistic model
sources Population Census 2000 (FSO)
Beige (2003

Bodenmann et al. (2009)

FaLC implemetation .agentmodel.service.methods.HHSeparationMethodsIimpl_1

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

FaLC DB tables umzugsraten_n_alter(rate ofchildrenthatleave hone)
scheidung_n_jahr(divorcerate9

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:

Childrenleaving their parental household

Regarding a household consisting of@ung 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 nesingleperson household and on the other hand the parental

household type would change FA&LC cahulaieSor eaolhr s o n

person in a household with &échildé status
children will leave thdnousehold and create a new one increases with age).

Couples divate.

Otherseparatioreventsthat could occur in households aligorces.Knowing the probability
of this change for alhouseholdsnakesit possible to estimate the new number as welhas
new structures of the households in a regikal.C calculates the lifespaarfeach household
of couplesaccording to depending on thdurationof couples living togethesindthe proba-
bility of their separationcouple divorce as consequencehe acording householdis
ficlosed and two new(singleperson) householdgenerated.

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 thégngally form new households (couples)
in a next step (see household formation model).

13
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Household formation model

model type Discrete choice model

sources Beige2008
(see alsKiller and Axhausen, 2012)

FaLC implemetation .agentmodel.service.methods.HFormationMethodsIimpl_1

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

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

In the event of couple decithg to movein togethera new household must be chosen. o e

ther one of the partners moves into the ot h
household. To modehis choice, push and pull factors for all opportunisksuldbe known

(or estimated) to select the most likely household.

In the current implementation, this process was simplifiédt, FaLC generates probability
intervals for locations of the new haehold according to the number of households asd di
tancedo the locations with potential household membkra second step, for each male-pe
sonlooking for a partner (a certain percentage of males living in single households)dké
looksto find afemale partnerAs default values, 10% of men in single households aie 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 doaset have any influence in the relocation process. @&her
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 gbject of thisfutureresearch work.

14
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Migration model

model type probabilistic model

sources -

FaLC implementation org.falcsim.agentmodel.service.methods.Migrationimpl1

FaLC property files  migration_v01.csv (balance if migrants)
migration_households types.csv
org.falcsim.agentmodel.app.domain.RunParameters
immigrationOn = true

For each year, the number of migrants can be included in the FaLC framework based on m
gration balance on the level of municipalities, cantons, or the case studlf #ireanigration

balance is negative, the according number emigrants will be randomly deleted out of the si
gle households in the area. If the balance is positive, FaLC will a) generate new persons and
families, b) distribute the households in the regions basedtiacting points, and c)
(re)locate the households to the residents place.

Generate new persons and families

Based on the assumptions regarding household type, its share, and ages of parents and chi
dren (assumptions in file migration_households_tys®3, the migrating persons and heus

holds are modelled. The number of migrants base ondB#tstics (PETRA, STATPOP) on

the level of Switzerland (possible otHevels of aggregations are municipalities and cantons)

Table2  Immigrating household types

Age Age Age Age +/-

Type Name pax Share m w child chld2 age
0 Single 1 65% 30 30 10
1 Pair with no children 2 25% 32 30 10
2 Family with one child 3 5% 32 30 2 4
3 Family with two children 4 5% 37 35 7 5 4

File: migration_households_types.csv

Distribution the immigrating households in the regions based on attracting points

In the implemented case study, we assume that migration and job (place or search)gare stron
ly connected. Therefore, the imgnating households are distributed within the region akcor

ing to the distribution of workplaces. Indeed, this is only the starting point to look for a flat.

(Re)locate the households to the residents place
Finally, the households are located in the sagbased on the utility functiotefinedin the
location choice model (see below)

15
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Household relocation model

model type probabilistic model

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

FaLC implemetation .agentmodel.utility.UtilityMov eSwiss 2 weighted1

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

FaLCproperty files umzugsraten_n_alter(migration rates)

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

move is not equally distributed among the households. The household composition, structure
and the characteristics of the persons living in a household are decisive for the probability to
move.

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

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

In fact, to select a moving household, all factidke size and jobs of household membefra
certainhouseholdshouldbe taken into accounthe implementation of a more adequate-el
cation model considering household types will be subjeitttore work.

Household location choice model

model type discrete choice model

sources Schirmer et al. 2017

FaLC implemetation .agentmodel.utility.UtilityMoveSwiss_2_weighted1

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

Once a household has decided to move, the next step is to choose its 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 new location must consider the preferences (in terras of uti
ity functions) of all household memberSonsidering althe factors that influence the lae

tion choice, a ulity function can be defined as the sum of the utilities of all househoid-me

bers. Indeed, to keep things simplee current implementation &aLC calculates the utility
function for only one person, the head of the household. The head of the hoisehokl/s

16
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an adult person, ideally with a jolb there are several persons in a household possible 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 Stadyn2@dneral, m-
creasing distances to workplace and last location have a (strongly) negative impactton the a
tractiveness of a location. In contrast, accessibility has a positive impact.

Parameter assumed ¢
Distance to last locatiojkm] -1.590
Distance to wrkplace [km] -1.590
Portion of households of the same size (within same zone 0.016
Accessibility of Public Transport ¢garithm) 0.056
Accessibility d Private Vehicular Transportqgarithm) 0.056

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

(2011), but due to a lack of data, the parameters 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
positive values, 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 Schirsnéss re

Accessibility variables are calculated based on the potential apprbathis approach, the
activity points are weighted according to their attractiveness (ttavelto reach the activity
pointg. The weightingollows over increasing distancg travel timea negative exponential
function®.so that ativities in the immediate vicinity 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 hogeholds in t+1

different variables

In a second phase of the project, FaLC aims to also include housing markets and tlse proces
es of renting flats and houses. Indeed, there is some research needed, and the aotesept to
grate markets has to be developed

We assume that, due to the strong connection between the accessibility variables, there are stesng interd
pendences between the estimated parameters resulting in biased results. Therefore, to keap thpacer
of accessibility constant, the mean value of the estimated parameter has been used.

A= %0 x ' | with A; = accessibility in municipality i; j = locations in the Case Study Area, m =
means of transport (car, public transpo)= 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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Residents check

model type probabilistic model

sources -

FaLC implementation org.falcsim.agentmodel.service.methods.Migrationimpl1

FaLC property files  controll_residents v01 200€2050m_decades.csv
org.falcsim.agentmodel.app.domain.RunParameters
resCheclOn = true

After the distribution of residents in the case study area based on the models jnthealLC
simulated FaL&opulation of residents can be compared with date from other sources: e.g.
real values in the past or official forecasts of staaswffices.

By setting the parameter on true, the number of residents can be corrected based oh these va
ues. In fact, the procedure is the same as for migrtiritee balancebetween FalL&esults

and the check daia negative, the according number eraigs will be randomly deleted out

of the single households in the area. If the balance is positive, FaLC will a) generate-new pe
sons and families, b) distribute the households in the regions based on attracting points, and
c) (re)locate the householdstte residents place.
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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 global) economic indicatausiness growth, establishments, ara cl
sures are modelle@ee following model descriptionhis model is an intermedias¢ep that
calculates expected control totals needed in thensadtel for the firmographic events. The
results are the numbef firms and workplaces provided per economic sector.

Main source for the exogenous economic indicators is the employmentcdaifsBFS. For

the future, a unemployment rate of 3.3% has l®ssumed. Based on the predicted active
popul ation in the future (BFS scena+206@ fimear
control totals for employees can be assumed for the samel geence, in the current FaLC

version, the development of firms and employees are related to the (future) development of

the residents.

input output
workplaces in t workplaces in t+1
firmsint firmsin t+1

economic development

The assumption of ehfuture number of employees is a very rough assumption. Indeed, at this
stage, a more reliable concept is missing and has to be set up with according specialists. The
proposed approach is based on d@ssumed 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

FaLC propertyfiles app-config.xml
org.falcsim.agentmodel.app.domain.RunParameters
firmographyOn= true
firmography.properties

FaLC DB table closures_migration

Based on economic developmelgfined in the previous moddiusiness establishments and
closures are modeltl. FaLC calculatef each businessdurationof existence According

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

Sector in FaLC Probability toclose
1 agriculture 3.63%
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 setor andassumeduture number of companieBaLC generates new corap
niesuntil the control total prepared in theomomic development modisl reached.

input output

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

distribution of firm types/growt
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Quitting employees model

model type probabilistic model

sources Beige 2008

FaLC implementation .agentmodel.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 conducts the 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 empldigyes between firms and respectively the
number of vacancies and unemployed persons. Job changes also occur when a young person
coming from school starts the professional life.

The following diagram shows tlessumed development of the probability to leave a fiem d
pending on the duration that an employee was working in this firm.

Figure6  Probability to change the job

25%
20%
w1\
Il \VA

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 jduration is calculated. If the age of an employee reaches a
certain maximum age (now 65), the employee automatically quits the job. All otheryemplo
ees quit their job according to the probability based on the job duration.

input output
job of persongn t persons keeping their job in t+1
probability of job changes persons looking for new job in t+1
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Joining employees model

model type discrete choice model

sources Beige2008
(see alsKiller and Axhausen 2012)

FaLC implemetation .agentmodel.servie.methods.BusinessJoiningEmplimpl

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

Parameters EMPLOYEE =2
CEO=1
MAX_LEVEL _EMPL =0.95

The choice of a workplac@autually depadson factors likeeducationand position of a pe

son, the distance to workplace or the wage levél@lbusiness. Considering these factors the
probability of choosing a certain workplace can be estimated, and for every personcan appr
priate workplace &n be assignedn absence of specific parameters, at this stage, FaLC only
uses the potential commutingstince to allocate jobs. Based on the results of Beige (2008),
the distance is weighted as an exponenti al

First, FaLC generateslast with empty workplaces for all locationSecondthe calculation

goes randomly through all locati®and for each businessaachlocation, it tries to allocate
workers for all free jobgraLC distinguishes between employees (2) and CEQH(i¥)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 persons available to cover all jobs with employees. In this case,
we assume that an according percentage of the jobs will remain uhstedfditionally, it is
implausible that in extremis all residents have a job. In consequence, an additional parameter
for themaximumlevel of employmenMLE (MAX_LEVEL_EMPL) has been introduced.

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

00 —

f LEL MLE then all free jobs will be filled
if LE> MLE thenthe free jobs will be filled with a certain probabilRy

0
With
J Sum of jobs in the Case Study Area
E Sum of employes in the Case Study Area

Rva  Sum of residents R in the working age (18 year$4 years)
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LE Level of Employment
MLE MaximumLevel of Employment(defined by parametédAX_LEVEL_ EMPL)
Pe Probability that a free job will be chosen by a new employaeyg 0%100%)

As soon as FaLC discovetfsat in the Case Study Area are not enough persons available to
cover all jobs with employeethe free jobs will be filleabnly with a certain probabilitye by

using a Monte Carlo Simulatiohe maximumlevel of enploymenthas been fixed tthe

rate of 95%.

input output

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

persons looking for new job in t+1

different variables

In a second phase of the project, FaLC aims to incluttesitVorkplace 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 impkemeration .agentmodel.utility.UtilityMoveSwiss 2 weightedl

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

In Switzerland an approximateotal of 3% of all firms decide tomove per year. Similaio
the household relocatipthe probability to move is not equally distributed among the- bus
nesseskactors like sector, business and market size, available empl@&teerfluence the
probability of relocatingln the current implementation, the probébilfor a firm to move
depends only on its sectdihe 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 special case. We 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.

During the calibration phase, the results showed that rates, especially for firms, depénd signi
icantly on thesize of the municipality. Large municipalities and cities give opportunities to
relocate within the conurbation. Relocation rates therefore decrease with increasing size of
the settlement. This problem has been solved by multiplying the relocation r&gsf¢R

sector S with a factor indicating size of the settlentiat This size correction is additionally

wei ghted by a sdepending ontthe econorhiasedion r b

RRcor= RRs* Ioc[-:j Sb

With
RRcor corrected relocation rate
RRs avelge relocation rate of sector S
Uoc average number agmployes in all locations employes in location loc
bs correction factor depending on economic sector S

The results of these calculations are probability rates that depend on the siedaghtion

and sector of the company. In general, the noted probability rates hold for nredadioa-

tions while larger municipalities will have smaller rates and smaller municipalities will have
|l ar ger r el ghasdeen estimatedadtiriagstbalibrbtion process.

input output
firms in t+1 staying firms in t+1
probability 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.app.domain.RunParameters
utilitiesOn = true

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

these factors cannot be negleatBddenmann, 2011)

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

Parameter assumed b by sec
2 3 4 5 6 7 8 rest
Distance (Lambda) -0.081-0.08C-0.074-0.061-0.122-0.06€-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 -0.022-0.015-0.002-0.018-0.04C-0.032-0.094-0.02E
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¢-0.0723-0.077-0.041
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, &trgaomy, 6 finance
7 servicedC, 8 other services

The largest impact of the variables has the distance to the last location of the firmn-With i
creasing distance, potential locations loose considerably on attractiveness. Additionally,
strongpositive impacts have alternats/eepresentingeities 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 vaiables

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 SpecicadulMes

Additionally to the core functionality of FaLC the dynamic (yearly) cyclet 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 aidations, land use restrictions, and growth limitation.

4.1 Transport Simulation Module

The internal Transport Simulation Tool provéd#ata forthe calculation olalues assessed
by theutility functionsof different choice models. First and foremost, actd#yi variables
and distance variables (measured in length on transport netwbdvel time). Initially the
focus will lie on macroscopic private car transport netvaskvell as pedestrians

Additionally, due to the fact that most partners in thasmtium use MATSIMMATSIm
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 integrabn of these data is done by a module that allows to import distance 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, consistofga shortest path algorithm to updats-di
tances and travel times between locatioasd to calculate accessibility variables for eaxh |
cation, is documented an implementation guid@eiler et al., 2014)

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

4.2 Subset of relevant locations

In order to perform the simulation process and reduce the etuafilzalculations as well as
the global running timeaLC 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 fm| o c at e dould be refodatedre n-
fluenced bya series otonditions following the MonteCarlomethodology

FaLC uses the official classificatiasf FSO for large cities and agglomerations. Motorway
connections were however advancecalculatedand added to the location table through GIS
analysis.The conditions used for this purpose are representeigjime7.
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The set of alternatives is implemented by default in order to perform the simulation process
and reduce theumber of calculations as well as the global running time. Nevertheless, this
modulecanbe activatd/deactivatd by the usem the FaLC parameter file (nupropertiek

Figure7 Implement conditions farelevantocations

HOWSEHOLDS 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%

To avoid white noise effestdue to different sets of alternatives in the multiple (ehapter
0), the current implementation ¢faLC can savesets of precalculated sublocatiobg year
These sts arestored inthe databasandFaLC and are used congruently in all following runs

Figure8 Set of alternative locatiore relocate firmgrom Luzern(example)
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Figure8 presents an example dfet set of alternatives (orange locations) which will poténtia

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 than 50 kilometres
from Luzern Innenstadt are considered.

The average number of subset alternatives in each calculation is &@&®dirfdr firms and
householdginstead 0f2949locations in the whole Case Study AreBis results in condk
erably faster simulation times of a factLO.

4.3 Limitations based on land use restrictions

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

An absencef according limitations can lead to unlimited growth in these locations.eFher

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 alternative in the relowatess)p

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 municipalitythdreventhat the oca-
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 jobs ).
Therefore FaLC will contrathe followingrule for eachlocation for different user types

OCCFAJHI) <= Sz maxFA(JHIz)
1) for u=r
2) foru=
3) foru=r#
with:
OCCFA() occupied Floor Area (blpcation/zanduse typew)
maxFA() maximum Floor Area (bylocation/puse typey, zone type?)

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

The Floor Area occupied (occAF) by the users r aadtalculated by
OoccFAU=r) =R *FAppl=r)
OccFAU=)) =J*FAppl=))

with:
R sum of residents in tHecation(municipality)
J sum of jobs in théocaion (municipality)
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FApp(u) Floor Area per persom?2 per Person|

The Floor Area per persofpp reflects the gross floor area that a person (as a resident or a
worker) usually occupies. The assunm@dppare generally derived from data of BR@\t-
wegget al., 2003)Gilgen (2001), Huber (1992Although some additional assumptions have
beenmade e.g., in Gastronomy, we assu®@ m2 per roonand0.46 jobs per roofn 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 persof4pp 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 in@ase over time. Monet indicators state between 1980 and 2000 a
constantaugmentatiorin the occupied flooareaof 5n? per decade. In 1980, each resident
occupied34nt; two decades later, in 2000, residents occupied Zgemperson. In FaLC, the
same gowth is consideredill 2020. After 2020, a smaller growth is assumed (2%per
decade).

Monetindicator, see www.bfs.admin.ch/bfs/portal/fr/index/themen/21/02/ind32.indicator.70401.3212.html

Referring to data fronsteigenberger Hotel Groupr 2007 (www.steigenbergerhotelgroup.cpmnd Hoté
fachschule Thun (www.hfthun.ch).
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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

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

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

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 zonetype
u user typesr = residents, j =gbs

Table2  Assumed Utilization Factors (UF) peuildingzone typgARE)

code zone type max. usual maximum
o UF share of use share of use
resident.  work Resident. Jobs
u=r u=j
z UF(2) 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 offentiIBauten und Anlagen)
16  Proteded areas (e.g: Green zones) 0.00 0% 0% 0% 0%
(eingeschrankte Bauzongn
17  Tourism and leisure zone (Tourismus Lt 0.05 0% 100% 0%  100%
FreizeitZone)
18  Zone for tansportactivities 0.05 0% 100% * 0%  100%
(Verkehrszonehn
19  Special use 0.05 0% 100% * 0%  100%

(weitere Bawoner)

Assumptions based on calculations for 8dlothurn, Appenzell 1.Rh., St. Gallen, Zurich
* assumed, as 0 will not reflect reality
** code used in data fABauzonenstatistik
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The maximum Utilizaibn 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 I.Rh., St. Galleand Zurich. However, as the building zone types are
very generalized, large deviations can occur. FaLC can easily integrate additional zone types
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 nare dense settlement) and in agricultural villages (with a relatively larmge nu
ber of residents and employees located outside the officially designated buildingGenes.
erally, this leads already in the starting year to a higher occupied Floor Aretihéharax-

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)+ o0bzFA(HI)

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

maxFA() maximum Floor Area (bylocation/puse typey, zone type?)
obzFA() 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 foobzFA(/HI) are calculated or estimated in adeed and stored in the data base
in table obzFA. In the current implementati@fzFA(/H/)) was calculated based on tha-st
tus in 2@0.°

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

In German: Ausnitzungsziffer AZ
% x=(0ccFAI) x1.10) 7 Sz maxFAJH,z) if x >0: 0bzFA(/R) 2N EAZAFAAu)=0r1d [ AU
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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.

4.4 Growth limitation

To prevenin rare caseancontrolled growthn locations over short timgeriods a maximum
yearly growthin number of residentandemployeedas beenmplemented in FaLCMaxi-
mum growth is defined as percentage valBased on revealed maximum growth in mimnic
palities in Switzerland between 2000 and 2040ues are set td4 for residentsaand 25% for
employeesindeed, hese values can be changed in the FaLC property file.

At the beginning of the year, FaLC calculateaximumfuture number ofesidentsandem-
ployeesfor eachzone After all demography and firmography model® 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 zan The sameaule is checked foemploy-
ees
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5 Val i dafi 6&aLC modul es

The aim of the results validation in FaLC is to verify the scale of precision of the simulation
and, consequently, detect the points to enhance the level of quality of FaLChakitieen
considerably increased during the latest implementations (e.g: migration module).

It should be noted that since the assumptions of firms and households models in the current
version of FaLC, are based in a very simplified level, only the numbessafents and em
ployees in the level of municipalities has been taken into consideration during the validation
process.

The validation of FaLC simulation has been then made by comparing:
A FaLC indicators for residents in 2010 with the Population Cenis2810 (FSO/BFS)
A FaLC indicators for employees in 2008 with Business Census 2008 (FSO/BFS)

5.1 General fit

The coefficient of determinatiofR?) indicates between 0 and 1, how well data points fit a
statistical model by following thadaptedequation below

B ® o
B ® ®

n number of municipalities i
coefficient of determination

@  result of FaLC for municipality i

@ average value of alld for i = 1-3000

@ average result of all runs f60 (usually estimated result of the regression)
@ @ variation of residuals

O variation of®

With a high level of achievement?Rnalysisshows that FaLC fits quite well for residents
ard especially well for employeef that sense, the level of achievementdmployees is
1.00 (maximum level!') and faesidents 0.99vhich is more than a good indicatdtevertte-
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less,within the aim to reach a maximum level of achievement for residgssome diffe-
enceswhich are nowadays existent concerning digribution of residentby large or small
municipalities(Chapter5.3) can becompletelysolvedthanks tofuture implementationn
process-

Figure9 Validationfor residents (200@010) and for employees (262008)°

5.2 Fit of absolute values by agent groups

The following set of diagrams compares th&al number ofresidentsand employeesimu-
lated by FaLC with FSO official data for the yea2010 and2008 (explained in the previous
chapter) as well 8 some subcategorikke residentdy group ofages oremployees bgec-
tor of activity. For eaclgroup agivendegree of achieveme(ih R?) is also represented

The doubleentry diagrams contain a series of dots that represent the number of residents or
empl oyees for each municipality (FaLC indi
A x 06 &or exanple,n the case FaLC expsemxaclythe same valutor 20082010as the

official number of FSQthe dotwillbel ocat ed over the Aequal o |

C a

n

Consequentht he mor e the dots are close to e&he fdegq

ality (seegreen circleovertheFigurel0).

Total residents as well dstal employeegraphicallyshow a good fit.

10 Reference runii 2 0-1127-11-4 0 o (OSM Net wor k)
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