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Abstract

The need to mitigate the repercussions of urban sprawl over the last decades
triggered the use of systematic urban plans that encompass land use,
transportation and environmental dimensions. These plans aim at
forecasting housing demand and analyzing the impacts governmental policy
programs may have on urban development. While a considerable number of
transportation models has been developed and used in the regional
transportation planning process, review of the recent literature reveals that

land use models have received less attention.

The lack of a fully documented and easily expandable land use model that
incorporates formally the representation of spatial entities in the model
triggered the need for the development of URM-Microsim (Urban
Residential Mobility Microsimulation); a prototype decision-support system,
which captures the household development and the housing market changes
of a city. Initially, the analysis part of URM-Microsim is defined which
captures the requirements of the system to be developed. For the graphical
representation of the analysis model, UML with spatio-temporal extensions
is used in conjunction with the Microsoft Visio 2000 UML CASE tool.
Next, the design model of URM-Microsim is presented taking into
consideration the implementation platform to be used. Therefore, UML with
ArcInfo extensions (ArcInfo Geodatabase Model) in conjunction with the
Microsoft Visio 2000 UML CASE tool is used for the graphical
representation of the design model. Then, URM-Microsim is implemented
and applied in the real world. The Municipality of Mytilene is chosen as a
testing ground. A population synthesis technique is used to produce the
Mpytilene micro-data at the individual and household level. Aggregate
demographic and housing market data are gathered from various data

sources (for example, the National Statistical Service of Greece, Eurostat,

XV



etc). Furthermore, a survey questionnaire is defined and used to collect a
small sample of household and dwelling micro-data for the city of Mytilene.
In addition, the probability distributions required by URM-Microsim are
calculated. Finally, URM-Microsim is loaded with the Mytilene data and the
system’s performance is examined; it is executed in order to simulate the
population and housing market developments and the simulation results are

discussed.
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Iepidnqyn

H &avapyn owodopikn avdmtuén tov mOlewv TG TEAELTOIEC OEKOETIES
TPOKAAEGE TNV OVAYKT OVATTTUENG LOVTEAWV TTOL QLPOPOVV TN ¥PNOT VNG, TIG
cvykowovieg kol 10 mepPdArlov. XTOYX0¢ Tovg elvan va TpoPAéyouv v
amOiTNON Y10 KOTOKIO KOt VO AVIADGOLV TIG EMOPACELS TTOL Ta KLBEPVNTIKA

TOATIKA TPOYPAUUOTO LTOPOVV VO £YOVV GTNV OCTIKT OVATTUEN.

H pekémm mg oxetuang PProypoeiog £0e1&e OTL evd VO OMUOVTIKOG
aplBpdc povtéhov €xet avamtuybel ko €yl ypnowyomonbel katd
OldIKacio NG TEPLPEPELNKNG GYEOIOONG TOV GLYKOWVOVIOKAOV OOU®V

SoPOp®V TOAE®V, AryOTEPT TPOOSOC £YEL YivEL GTOV TOUEN TS YPNONS YNG-

‘Evag Pacukdg Aoyog eivar 10 yeyovog 6Tt mpoKELTal Yo GUCTHUATO OO TN
@Oon toug e&opetikd molvmAoka. I' avtd to AOYO, Katd TNV avamtuén
TOVG €lval amapaitnIN 1 OUASOTOINGT TV SEPYACIDOV TOV TEPIAAUPEVOLY,
kaBdg Kou M otadokny kot ovuéntikny avantué tovg. Akodnpoikol kot
EPELVNTEG €YOVV EMIKPIVEL TOL VIAPYOVIO GLOTHUATO Yo To opeifola
OTOTEAEGLATO TOVG KO T XopakTNPilovy MG aveEmapKn Yoo TNV TPOPAEYN
KOl TO oYeSOCUO TG aoTikng avamtuéng. Emmiéov ta yapaktnpilovv wg
«uovpo  KouTu»  BepdvTog OVOKOAO VO KOTOVONGOLV TOV  TPOTO

Aertovpyia TOLG.

Oco apopd to povtédla xpnong yns, o TEPIGGOTEPO AGYOAOVVTAL LE TNV
xpNoN YNNG v kotoikio, pio mov ot mailel Tov Kaboplotikd porlo otV
OIKIOTIKY avATTLEN oG TOANG. o mapddetypa oty mepintmon Tov Afpov
Mvtiavng, to 81.43% tov ktnpiov tov datibevtal yio katokio, Eved Pdvo
10 6% 7T0UG YPNOoOTOVVTOL Yo EUTOPIKOVS oKomovs. Emopévemg, n

OWKIGTIKY douN| Hog TOANG aAAACEl cuVEXDS, KUPI®MG AOY® NG TPOGPOPAS
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kot g (mnong vy kotowkio. H owiotikn kivntikdmta o€ po oA
e€aptdtar and o oelpd aAANAEVIETOV amoPdoemy mov Aaupdvovtal o€
EMIMESO OTOU®V KOl VOIKOKLPLAV, Kot EEQPTOVIOL OO TIS ONLOYPOPIKES,
KOWOVIKEG KOl OIKOVOUKEG 1O10TNTEG TOV OTOUMV KOl TOV VOIKOKLPUDY
(T.(. OWKOYEVEIOKN KOTAOGTAOT, €GOOMUO Kol omacyOAnom). Avtég ot
AMOPACELS TPOKOAOVVTOL E1TE amd YEYOVOTA OVEEAPTNTA TMV VOIKOKLPLADYV,
OM®G TPOYPAUUATO TOAITIKNG OTEYOONG KOl KLPBEPVNTIKEG KOWMVIKEG
TOMTIKEG, €ite amd TNV  avopevOuevn) OMUOYPAPIKN avamTtuln TV
VOIKOKVPLOV KOODS avtd mepvodv amd ta d1apopo oTddiol ToL KUKAOL (m1g
toug. H andpaon pmopei emiong va mpokAnfel amd Quokég KoTaoTPOPES

OT®G £VOC GEGHOC.

H yvoon 1tov peAlOVTIKOV — ovoykdv — kotowkiog eivor  peydang
oToVOALOTNTAG Y10 OAOVS TOVG OGOVG GUUUETEYOLV GTNV 0yOpd KOTOWKioG
Om®G 01 dNUOGIOL KOt 11OTIKOT EMEVOLTES, O1 aPUOSIOL Y10l TO GYESUGUO KOt
Ol KOTOOKELOOTIKEG etatpiec. Ot HEALOVTIKEC OVAYKEG KOTOWKIOG Ko
GUVETMG, N OIKIOTIKY] KiynTikoétnTo e€optdvtal omd TIg aAAayEG 0T OOUN
TOV VOIKOKUPLOV KOt £(0VV EMTTOCELS GTN OLVOULKT TNG 0YOPAS KOTOIKING.
Emopévog, n avdmntuén tov vOlKokuplidv Kot ot oAAayEG oty ayopdg
KATOKIOG PTopovV va YpNGIULOTOMBoUV GE €QOPUOYES OT®G 1 TPOPAEYN
™m¢g {Nong Kartoikiag, Kabmg eniong Kal n avédAivon Tov emOPAGEOY TOV
yeyovota umopel va €YOVV GTOLG AOTIKOVG TANBVGUOVG Kot TN doun T®mv

TOLEDV.

H povtelomoinon g oKIGTIKNG KvNTIKOTNTOS OmOTEAEL £val EPEVVITIKO
OO OTIG KOWVOVIKEG EMOTNUES £0M Kot apKeTéG dekaetiec. O Rossi, tav
0 TPMTOG oL T0 1955 avélvce ) oyéon petald TV aAAAY®V GTOV KOKAO
ong evog vowokvploh Kot TG TAoNG €vOC VOKOKLPLOL va oAAGEEL

KaTokia.

xviii



Amo tOTE, €vOg ONUOVTIKOC aplBuog poviélmv €xel avamtvybel kol ta
TEPLOCOTEPA vl povtéda cuvaBpotlong (n mAnpopopict OpyovmOVETOL Kot
OVOQPEPETOL GE GUVOAN ATOUMV TNG VIO HEAETN TEPLOYNG). L26TOG0, AVTA Ta
HOVTEAD Ogv  €lvol  OMOTEAECUOTIKA AOY® 1TNG TOALTAOKOTNTOS TV
ONUOYPAPIKDOV YEYOVOT®V TOVL PLdVOLV TO. GTOMO KOl VOIKOKVLPLE oG
woANG. EmmAéov, degv umopovv va HOVIEAOTOWGOLVY TN Y®PIKY O146TaoT

NG OIKIOTIKNG KIVNTIKOTNTOG TOL TANOVGHOV.

AVt TO. VO HEIOVEKTAHUATO TOV HOVIEA®V GLVAOPOIONC OVTILETOTILEL M
péBodoc g pikpo-mpocopoimong (micro-simulation). I't avtd 10 Adyo
oAoévo. kol mePLocoTEP povtéda Pacilovtor ot pébodo g pikpo-
mpocopoimwong (6mov n opyavmon g TAnpopopiog yivetol o eninedo KdOe
atopov Eexwplotd). H épevva g oxetikng Piproypapiog £0ei&e 0TL £xovv
opotetl oktd (8) tétown povréla: HUDS, UPDATE, HOUSIM, LOCSIM,

Fransson model, SVERIGE, ILUMASS «xot ILUTE. An6 avtd, to €5 (6)

mpadTa £yovv vAoromBel. H pedétn kou ovykpion toug £€0€1Ee OTL oV Kot taL

povtéda dgv Aapufavoov vdym OAo To GTOLEID KO TIG TOPOUETPOVS TNG

OIKIOTIKNG KivnTikdttag, dvo (2) and avtd, to LOCSIM kot 10 poviého

tov Fransson, £yovv v mo ohokAnpopévn avamtuén Kot v TAnpEcTEPN

tekunpioon. Kat ta 000 &govv avamtuybel ypnoylomoidviag epyoieio

TAnpoeopkng mov Pacilovior oe TOPASOCIOKES TEYVIKES OVATTLENG

ocvomnuatwv. EmmpdcOeta, dev ypnopomolohv KAmToo OAOKANP®UEVT

péEB0O0 avATTLENG TANPOPOPLOKADV CLUGTNUATOV. AVTO £YEl OVO CNUAVTIKA

LLELOVEKTI LOLTOL:

e Agv divoov 1 dvvordTnTaL TG YOPIKNG  OVOTAPACTOONG TV
OTOTEAEGUATMOV TOL LOVTEAOV GE dldpopa emimedo cuvdbpolong m.y. o€
EMMEDO YEITOVIAG KOl OIKOSOUIKOV TETPOLYDVOU.

e Eival d0okoAn n Peitioon kol eméKToon TOvg dwitepo OTAV VT

mpokeltor va yivel amd pio SQOPETIK) OUdd0 OVATTVENG amd TNV
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apykn Ommg cvpPaivel GuVNOME G€ PEYAAN KOl TOADTAOKO, GLGTILOTOL

OT®OC TOL GLUGTNUATO OIKIGTIKNG KIVITIKOTNTAG.

Avtd to 000 pEOVEKTAUOTO OTOGKOTEL v eEaAElYeL LT M EPELVNTIKN
dovAetd. [To ouykekpipéva, otdy0g eivar 0 KaBopopnog Kot N avamTuén Tov
URM-Microsim (Urban Residential Mobility Microsimulation), éva
TPOTOTLTO SLVOUIKO, YWPO-YPOVIKO GUGTNUA AYNG OTOPAGEMY, TO 0010
TPOGOUOIDVEL TNV AVATTLEN TOV VOIKOKVPIDOV KOl TIG OAAAYEG GTNV ayopd
KOTOWKIOG oG OANG  XPNOWOTOIOVIOG TNV TEXVIKN NG  MIKPO-

TPOGOUOImONG.

lNa 7tov «xoBopiopd «wor v avartwén tov  URM-Microsim

ypnoortombnkayv 1oyvpd epyoreic mAnpogopikne ta omoia Pacilovtal

OTNV QVTIKELEVOSTPOPN TEXVOAOYia (TnV TeAevtaio Tdon otV emMGTHUN

g mAnpogopikng). Mo ovykekpyéva, €yve emEKTOOT KOl GLVOVAGUOC

vapyoviov puehodmv yio T onuovpyios poG  OVTIKEWEVOSTPAPOVG

pebodoroyiag mn  omoion  SlELKOAVVEL TNV  avATTULEN  Y®PO-YPOVIKDOV
cvotudtov Aoyiopkov. Etot Aowmdv:

e [ Vv avdivon Kot 6yediaot ypNoLOTomONKE 1 EVOTOINUEVT] YADGGO
povteromoinong (UML) epumhovticpévn pe yoPIKES, YPOVIKEG KoL
YOPOYpovIKEG Evvoleg kat pia dadikacio Booch, mpocapuoopévn otnv
ST-UML, n omoio mepapfdver 10 ovvoro TV Pnudtov mwov
KaBodnyovv TV avamTuEn EVOC GLGTIIATOC.

e [w wv viomoinon t0v URM-Microsim ypnoiporombnke &va
YEQYPOPIKO cVGTNO TANpoYopL®dVY, To ArcGIS, ce cuvdvacud pe po

OVTIKELLEVOSTPOPT YADCOH TPOYpappoticio, v Visual Basic.
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Metd ™ pelétn g vdpyovcag PipAtoypagpiog n oroio TpoypotoroOnke
OT0 TAOIG10 TOV EVVOLOAOYIKOV KOOOPIGLOV, TPpayLaTOTOWONKE 1 avéAvon,

0 oyedo oG Kot TeEAKE 1 vAomoinon tov URM-Microsim.

Kotd ) @don g avaivong kabopiotnkay ot ovioTnTEG TOV EVOLOPEPOLV.
"Etot ooy, o mAnBuoudg pog moAng amoteheiton amd o voikokvpid. ‘Eva
votkokvpld €xet éva N meplocotepo pHEAN. Kabe pérog sivor dtopo pe po
ovykekpipévn Béon oto vowokvpld (péLog Cevyaplov, modi 1 Hdvog) Ko
avtd propet va aALAEEL pe TV TApodo tov ypdvov. ‘Eva dropo pmopet va
éxet éva emdyyelpo oOnAadn pia Béom epyaciog (Kot emopévamg, Eva cbo) 1
Oy Kol avTo pmopel va aAAGEEL pe TV Thpodo Tov ypovov. H Béon epyaciog
avNKeL 6€ o eployn s woAng (Covn katokiov). 'Eva voikokvpto (et og
po kotowkio Tov voikidletl 1 etvot 110Kt Kol Tov pmopel va aAAAEEL pe
™V Tapodo Tov ypdvov. Mo kartowio pmopet va €xel Evav 1 TEPIGGOHTEPOVG
Tpoydvoug (N kotokio eivar 1 ékPaon pog didomaocng 1 Vg GUVOLAGHOD
KOTOIKIOV) N €vav 1] TEPIOCOTEPOVS AOYOVOUG (1] KOTOIKIOL GUUUETEXEL OE
cuvdvacud 1N O1doTaon Katowkimv). Mo kototkion avikel o€ €va KTNP1o, TO
omolo avikel o€ €va OKOOOMKO TETPAY®OVO, TO OToio LE TN GEWPE TOUL,
avikel oe pa {ovn katowiov (mepoyn). H {ovn kotokidv éyet évav M
TEPLocOTEPOLG YeiToveS. Ta KTNPLa, TO OIKOSOUIKA TETPAYVa Kol 0t {MDVES
KOTOIKIOV EYouV pia BEom 610 YDPO, ONANOT GOV AVTIKEILEVA EXOVV YOPIKN
vootoon. OAeg avTég 01 OVTOTNTEG EXOVV KATOLN YOPOKTNPLOTIKA, Ol TIUEG
TV 0moiwV propov vo aAAdEOVY pe TNV TaPodo Tov ¥pdvov kabmg emiong
Kol ol oyéoelg peta&y tov oviottov. Lo mopddstypo, €va GTopo £xet
yopaxtnpotikd onwg 1o ®OAo, Huepounvia yévvnong kar Owoyevelokn
Kataotaotn (avOmavTpog, mavipepévos, dtalevyuévog k.Am.). H owkoyevelokn
KATAOTOON €VOC 0TOHOL Umopel vor aALAEEL e TNV TTAPOOO TOL YPOHVOL Kot
avt] M oAlayn mpénel va kpatnbel ot Pdon dedopévev. I't avtd 1

OIKOYEVELNKN KATAGTAOT OpilETOL MG XPOVIKO YOPOKTNPIOTIKO.
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>m ovvéyeln kabopiommke m ovumeprpopd TV ovtotntov tov URM-
Microsim. ITio cuykekpiéva, 1o chotnuo amoteleitol amd tpio CLOTATIKA
pépn (vmo-povtéAa): t Zytnon katoikiag, ™V Ilpocpopd katoikiog, Kol TNV
Avalntnon karoikiog xou puetoxivyon. H {Ntnon Katokiog mpocopotmveL Ta
yeyovota ekelva mov emmpedlovv TNV amdeacn €vOG VOIKOKLPLOD va
avalnmoet pia véa katotkio (6mmg OMUOYPAPIKA Kol OIKOVOLULK( YEYOVOTQL).
H mpocpopd katokiog Tpocopoldvel Tic 0AloyEG 610 omdOE0 KATOWKIMDV
kot kaBopiler €ror tov aplBud Koatowkiwv mov givor dwbéoiueg ota
vowkokvptd. TéAog, 1 avalTnon Katokiog Kot HETAKIVIOT TPOGOUOIMVEL
10 Ya&po Katowiog Kot TNV TPOYUATOTOINoN TOV UETAKIVICEDV TMV
VolKokupldv mov e€acparilovv pia véa katokio. H éxPfaon tov emnpedlet

TOGO TNV TPOGPOPA KATOKiaG 0G0 Kot TN {fTnom.

H avéyxn véag xatowciog e€aptdror amd 01d@opovs mapdyovtes, OTmG ot
aALOYEG OTY] OOUN TOV VOIKOKVPLOL OV TPOKOAEITAL OO T SNLOYPUPIKA
yeyovota (to Bdvoto, T YovipodtnTo, T0 oYNUOTICUO £veong, T JldAvon
£VoNng, TO GYNUOTICUO CLYKOTOIK®V, TN 01dAVoT GLYKATOIKNONG, Kol TO
OOl TOV PEVYOLV OO TOVLG YOVEIS TOVG), TN UETAVAGTEVOT (§06m N €€
HETAVACTELOT), TIG OAAAYEG OTO €GOOMUO KOU TNV OTOGYOANCT TOL
TANBLO U0V, KOl TNV ALY TOV OTOLTHCEMY Y10 CUYKEKPLUEVES VIINPECIES
katowkiog (my. ovvatdtnTa €OkoAng mpocPacng otn OBéom epyaciag,
moldtnTa yertovids, Kth). Kabdg dropo kol voukokvpid mepvovy péEGa amd
To OLPOPETIKA 6TAd0L (NG Ol TPOTIUNGELS TOVG Yo Katowkio, aAlalovv,
TPOKoADVTag TNV KvnTikotnto. Olo Tor volkokvptd dev €xovv v 11
embopia va Bpoovv pa véa katowio. H évtaon pe v omoia éva voukokvplo
yayvel yio pol véa Katolkio eEaptdtor and to yeyovog mov TPOKaAEl TV
emBopia v petaxivnon. o mapddstypa, évag dwalevypévog enetyeton vo
Bpel o véa katoikio, evad o OKOYEVELD HE €va, VEO UEAOG WAYVEL TNV
ayopd «Kotowkiog pe Mydtepn éviaom. Tpewg TOMOL  PETOKIVIIGEWV

dlakpivovtor pe Béorm Tov TPOOPIGHA: VOIKOKVPLA TOL KIVOUVTOL LECO GTO
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opl NG ayopdc kotowkiog (OKIOTIKA KvnTikOTnTo), VOIKOKLPL 7oL

KWvoOvTol amd TtV ayopd Kotoikiog mpog pio dAAN (éEm- petavdotevon),

KOl VOIKOKLPLE TTov KivoOviow otnv ayopd katoikiog omd tov vrdioumo

KOO0 (£0M-UETOVAGTELOT)).

Kdabe dropo vmoPdireton omv mbavomnta ¢ Ploong evog amd To

onpoypapikd yeyovota kabmg kot g e&m-peTavactevons, pe Pdon to

TPEYOV 6TAO0 TOV KUKAOL {ong tov. EmmAéov, kabopiletar o apBuodg tov

VOIKOKUPLOV TOV E6M-UETAVOAGTEDOVV.

Oavarog. Kabe dtopo vroBdiietar oty mbavotnta Oavdtov pe Paon
v NAKio kot to eOAo tov. Edv t0o dtopo mebdver ot mAnpogopieg
oxeTiKd pe to Atopo evnuepaovovrol. EmumAéov or 1016trTeg TOL
VOIKOKLPLOD TOVL EVNUEPOVOVTAL KOOMG €MoNG Kol Ol TANpoPopieg
GYETIKA LE TOL VITOAOUTO LEAT] TOV VOlKOoKLPLov. To vowkokvpld exepalet
v npoBeomn va petaxivnOel oe o GAAN Katotkio.

Toviuotnro. Kabe yovaika tov mAnBucpod vrofdaiietonr ot mbavortnta
™G Yévymong pe Pdaomn v nMkio Kot TNV O1KOYEVELNKN KATACTOGY TNG.
Ed&v n yovaika yevvioet éva moudi, ot mAnpoeopieg oyetkd pe 10 mondi
kaBopilovtor Kot ot W10TMTEG TOVL  VOIKOKLPIOV 1TNG  UNTEPOG
evnuepovovtol. H owoyévela exepdler v mpodbeon va kivnbel mpog
po GAAN KaTotkioL.

2ynuatiouos évoons. Kébe pn mavipepévo dropo opiopévng nikiog
avalntd &va un TovTpEUEVO ATONO TOV avTiBETOV VA0V KOl OPIOUEVIG
niwiog. Edv 10 dtopo PBpet éva cdvipogo, to (evyog amopacilel va
{oet pall (dnuovpyio vorkokvplo) kot vor WaEel Yo pio. GAAN
Katowia.

Middvon évawans. Kabe Cevydpt mov elvor mavtpepévo 1 cvuPiovel
vrofdaireTon otnv mOavOTHTA S1dAVONG TNG Evaong He Bdon v nlkio

Tovg Kot To €t yapov. Edv to Cevydpt yopicet, amopacileton motog Oa

xxiii



gykataieiyel Vv katokio. To dtopo mov eykotoAeinel v Katokio
onpovpyet €va vEo volkokvpld Kot amo@acilel vo WAEEL Yo o GAAT
Katowia.

Taudia wov pedyovy amo tovg yoveig tovg. Kébe dtopo g nAkiog dveo
tov 18, mov (et akdua pe Tovg yoveig Tov voPdAieton oty mbavoTTaL
Vo aPnoeEl Tovg yoveig tov Yl vo peiver povo tov. Eav to dropo
AmOPOCIcEL VO OPNOEL TO TATPIKO TOL Omity, Onpovpyel éva véo
VOIKOKLPLO TTOV TPEMEL VAL WAEEL Y10l piiol GAAT KOTOKiaL.

2ynuotiouds ovykaroikwy. 'Eva dtopo mov (g1 pdvo tov 1| cuykoTotkel
pe GAAovg vmoPdiietor omnv  mbavotmra  €0peong evog  GALov
ovykatoikov. Edv to dtopo Ppet évov cvykdrowo, omopacilovv va
GLYKOTOIKNGOLY (dnuovpyiot VOoukokvplov) kol vo avalntioovy po
GAAN Kotokio.

Middvon ovykaroiknons. '‘Eva Atopo mov cuyKoatowkel pe GAAd Gtopa
vroBdAreTon otnv mMBavOTNTA TNG AVAYDPNONS OO TO VOIKOKVLPLO Y1
va {noetr povo tov. Edv 10 dtopo amogacicel vo a@noeL TNV apyikn
Katokio, onuovpyel €éva vEo volkokvupld mov TPEmEL vo, YAEEL Yo Lol
GAAN Kotokio.

Eéw-uetavaotevon. ‘Eva dtopo 1 £va volkokvpld umopel vo ano@acicet
Vo £E®-UETAVACTEVGEL YL Olpopovg Aoyove. o mapdoetypa, €vo
dtopo mov etvar Avepyo Yo pEYOAO YPOVIKO SdoTnuUo Umopel va
amopocicel vo €Ew-petavaoctevost. 'Eva modi nAikiog dve tov 18
umopel vo amo@acicel vo. GTOVOGCEL GTO TAVEMIGTIUIO MG OAANG
ToOMGC. Edv oAOKANPO 10 VOIKOKLPLO EEM-LETAVACTEVEL, 1] KOTOIKIO TOV
gykotoieimetal Kot TpootiBeTat 6T0 GHVOLO TV S0BEGILOV KATOIKUDV.
Eow-petovaorevon. Notkokvpld €KTOg TV opimv TG ayopds Katowkiog
amopocilovy va petaxwvnBovv omv oyopd Koatowiog. Avtd To

VOIKOKLPLE amoTELOVVTOL amd QOITNTES, OVATEPOLS LIOAAAOVS TOV
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otpatov, EEvoug epyalopévoue KAT. Avtd TO VOIKOKLPLA TPETEL Vo

Bpovv pa katowkio.

Ka0e dropo nikiog 18 kot dve vroBdiietar oty mbavotnTa vo aAAAEEL
TO €1000MNUG TOL HE PAom TG aAlayEéC OTNV EKTMAIOELONG TOL KOl TIG
EMOLYYEAUATIKEG TOVG OAALYEC.

o FExmoioevon. To emingdo exkmaidevong tov atdpov kabopiletor kot To
dropo amoktd pio cTadodpopia.

o FEicodog epyaoiog. KéBe dropo g nmikiog 15 kot dveo mov dgv
epyaletar (o1 oTpatudteg eEapovviar) vtoPdAleTor 6TV TOAVOTNTA VL
Bpet po epyacio Paciopévn 6T0 GUAO TOL ATOUOV, TNV NAKIo KOODC
Kol TV Tp€yovca omacydAnon. Edv 1o dtopo Pper o gpyocio, M
owKoyéveld Tov exkepalel v mpodbeon g vo petakvnOel oe o dAAn
KoTokia.

o  Allayn epyacios. KaBe dropo, mov epyaletar Mom, vroPdiietor otnv
mBovotnTa vo aALGEeL epyacia, va Tdpel chvtacn 1 va yivel avepyog pe
Bdon 1o @OAO TOL OTOHOL, TNV MAKia, KOODC Kol TNV TPEYOLGQ

amocyOAnon.

"Eva voikokvptd mov dev PLidvel KATolo S1Hoypoeikod 1 OIKOVOULKO YEYOVOG
vroBdAreTon otV THAVOTNTO TNG OALOYNG OTOUTNONG Y10l GUYKEKPIUEVES

VINPEGIES KOTOWKIOG.

H mpoocpopd katowiog tpomomoleitanr pokpompdOespo mpokeévon va
wavomomoet T {Ntnon Koatowkiag. Ot aAlayég oTNV TPOGPOPE KATOIKING
TPOKLITOVV OO TNV KOTOGKELT] TOV VEOV KOTOIKI®DV, TNV KOTEOAPION Kol
TN UETUTPOT] TOV VOIGTAUEVOV KOATOIKIOV (S10(mp1opds, cuvovacuog Kot

avoKaivioT KOTOKIOV) Kot TG aAAayEC 6Ta ££000 GTEYUOTG.
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Néa kotookevy. O oplBUog T@V VE®V KATOIKIOV TOL TPOoTifevial 6To
andfepo kotowimv Kabopiletor pe Paon v KvnTikOHTNTO TS AYOPAS
Ko v EAdeym katowkioc. H 0éon kdbe véag katowiog kabopileTon pe
Baon v un avamtoypévn yn mov givarl KAtdAAnAn ywo v ovamtuén
™G TEPLOYNG OYOPAS KOl TV TACEMV OmaiTNoNG KOTOWKIOG TG oyopds.
O tHmog ka1 o1 vanpecieg g katokiog kabopilovion pe Pdon 11§ TdcE
{ong xotokiog Tng oyopag,.

Mertatponn katoixiog. H doun pog Kotokiog HETATPEMETAL COLPOVO LLE

Kkémoto mbovo Tpomo.

o Aigomoon. KdaBe «xevr), peydAn Kotowkio vmoPdAletar oty
mOoavoTTO  JYOPICUOL GE VO 1N TMEPLOGOTEPES HKPOTEPES
KOTOKIES.

o 2vvovoouog. OLo To GUVOAO VO N TEPIOCOTEPMV KEVDV, LKPDOV KoL
YETOVIKOV KATOKIOV VIORAAAETAL 6TV TOAVOTNTA GLVOLAGHOD GE
L0 LEYOADTEPT] KOTOKICL.

o Avaxoivion. KdéBe «xotowio o€ pérplo 1 KoK KOTAGTOOM
vrofdaireton oty mbavotnta ¢ avakaivions. Eav n avakaivion
TpaypaTonoleital, o TOmog ¢ avakaiviong kabopiletor (cuvtnpnon
KaTowKiog, EMEKTAOT KOTOWKING, 0AAaYT aplBov dopatiov K.AT.).

Koteoapion. Muw katowkioo 6€ Kokn Kotdotoon LIoBdAAETal oTnv

mBavotnto g Kateddpiong. Edv 1 katowcio elvar kotetAnuuévn, to

aVTIOTOYO0 VOIKOKVPLO Tpémel va yacer yuoo po GAAN katoikio. H

KOTEOAPIOT TPOUYLOTOTOLEITOL LOVO HETE TNV EKKEVMOOT TNG KATOKING.

AMayn otig damaves otéyoong. Ou damdveg otéyoons (kKe@Aaioio

ocuvtnpnong, Bépuavonc, MAEKTPIKN evépyeln K.AT.) KAOe katoukiog

kaBopilovtar pe Paon tov tHmo ¢ KoTokiag, To pEyebog, v nikio

KoL TNV To1dTNTO KATOGKELNC.
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Oco a@eopd tv avalntmon kotowkiog kKor 1 petakivion. Ola to

VOIKOKLPLd o omoia emBupovv va petakvnBovv yéyvouv ) Aota TV

OWBECIUOV  KOTOKIOV Ylo. Vo BpovV [l KOTOKio COUQOVE HE TOVG

aKoAovBovg Kavovec:

1.

Apycd, 10 voikokvplo amopacilel edv Ba ydaéetl yio va ayopdoel 1 va
vokidcel pio kotowia.

To vowokvptd e€etdlel T1g Katokieg pe fAcn KAmo YopoKTNPIGTIKA
OT®G M TN ayopac/ €voikiov, o aptBpnog dopoTiov, o THTog KOTOKING,
N NAkio ktnpiov ktA. To voirkokvpld kabopilel Ta yopaKTNPIOTIKA TOV
npénel va Eyel | embBounty| Kotokia pe Baon to yeyovog mov Plovet, To
eloodnuo kabdg emiong kol ov TPOKETOL Yo. oyopd 1 EVOlKioom
katowkiog. O aplBudg katowkiov mov eetdletal omd TO VOIKOKLPLO
e€apthdton amd Vv €viaon ovoalnTnong tov vowkokvplov. Me dAAa
MOy, To volkokvpld pe TV LYNMAN évtaon avalnmmong e&etalovv
TEPIOCOTEPEG KATOIKIEG OO OVTEC ME TN YOUNAN €vtoon avalnTtnomng.
Edv 1o vowokvptd Bpet pia véa kotowio, tote petokopiler ekel ko
EKKEVOVETOL 1] TPEYOLCN KOTOIKIO TOV, OLOPOPETIKE E1TE TAPAUEVEL GTIV
APy TOV Katolkio eite gyKataAeimel v wOAN ((Em-petavdotevon).
MoMc mpaypoatomonBodv OAeEC Ol UPETAKIVIOELS, TO €VOIKIO Kol 1)
ayopaotikn a&io TV Katoki®v Bo TPETEL Vo VTTOAOYIGTOUV €K VEOL Kt
va evnpuep®mBovV oL Tov o1 TIHEG TOVG fvat cuVEpPTNOT TG TPOSPOPEG

Ko g Cntnong Katotkiog.

2 ouvvéyela mpaypoatomombnke n oyedioon 1000 TG Pdong dedopéEvav

onAadn tov ovtottwv tov URM-Microsim, 060 Kail TG GLUTEPLPOPAS

tovc. Awyphppota g UML  ypnowomomnkov yu TOvV  avaAvTIKO

oYEOGO TG PONG TMV JASIKAGLOV TOV GLGTILOTOS KOl TV YEYOVOTOV

OV 01 OVTOTNTES PLdVOLV.
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Kotémv, mpoypotomomnke mn  onuwovpyio ¢ Pdong  dedopévov
xpnowonmoudvtag to Repository tov Visio kot otn cuvéyelo tov Schema
wizard tov ArcCatalog. Koatoémv mpoywpnoope otnv viomoinon tov
Swypappdtov g UML mov avamapiotodv T GUUTEPLPOPA TOV OVIOTIT®V
™G Pdong oedopévov ypnowonmoidvtag tn Visual Basic for Applications

tov ArcGIS.

[Mpoxeywévovr vo dwmiotwbel 1 Aestrtovpyikdtmra tov URM-Microsim
epapuooNke otov Anpo ™¢ Mutikipvng. Mo mov dedopéva oe emimedo
atOpoL Kol vowkokvplov dev  egivor  dwbéopa omd v EXYE,
ypNoponTomOnkay cuvletikd dedopéva. I v Tapaywyn TV SES0UEVOV
avtov ypnoyworominke pio péBodo cvvheong mAnbuopod mov ovopdleTon

Yvvovaotikn MéEBodog BeAtiotomoinong (Combinatorial Optimisation

technique) o aiyopiOuog g omoilag vAomomOnke oe C++. H pébodog

déxetal oav €16000 T0. GUVOAMKA GTOLKElN TOL TANBVO OV, KOOMG miong Kot
delypo otoyeiwv tov TANOLGHOD Ge EMIMESO ATOUMV KOl VOIKOKLPLOV.

‘Eto1, yia v mepintoon tov Afpov MutiAnvng to 0e00puéva 1600V TOV

xpMoonomdnkay giva:

o [eoypoa@iKd ded0UEVA KOl GUYKEKPIUEVA TO OIKOOOUIKE TETPAY®OVO LE
kwdwovs EXYE xabdg kot ta ktipta avé otkodopkd teTpdymvo and to
EfBvikdé Kmmpotordyto.

o  Yuvolkd meprypagikd dedopéva amd v Amoypoaen 2001 tg EXYE
Kot Witepa SNUAVTIKE NTOV 0 aplBUOS VOIKOKVPL®OV OVEL OUKOJOMIKO
TETPAYWOVO .

e  Mikpo meptypa@ikd dedopéva, dNAaOT dedOUEVO GE EMIMESO ATOLOL KO

VOIKOKVP10U T0L OTT010. GLAAEYOMKOV [LE TN YPNOT EPOTNUATOAOYIOV.

To amotéhecpa tov TPOYPAULATOS GUVOES G Elval TEGGEPLS TTIVAKES e TA

emBountd dedopéva dMAadn Tov ouvvletikd mAnBvopd oL  Anuov
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Mutianvng, ta omoia. mpokelwévov va gwooyfovv oty Pdorn dedopévov

vAomomOnKav ot katdAAnieg povtiveg o Visual Basic.

EmimAéov, yioo Tov vmoAoyiopd Tov TopapuéTpov ToV GLGTHUATOS (O™ M
mhavotra  Bavdtov, yévvnong KtA) ypnolwomomOnkav  abpoloTikd

dedopéva g EUROSTAT.

21N GLVEYELD, TPAYUATOTOMONKAV KATOLES TPOGOUOIMGELS Yo, TO £T0g 2002
TPOKELUEVOD VO, JOmIoTMOEL 1 AEITOVPYIKOTNTO TOLV GLOTHHATOG. APYIKA,
plo  Pociky TPOCOUOI®ON  TPOUYUATOTOWONKE  YPNCLOTOIDVTAG TOV
oLVOETIKO TANOLGUO KO TIC TIHES TOV TOPOUETP®V TOV GUGTNUATOS Y10 TO
Aquo  Mvutnvng. Z1ig  akOAovfeg TPOGOUOIDGELS, TPOKEYEVOL Vi
Slmotwhel 1 enidpaoN TOV ONUOYPAPIKMOV YEYOVOTMOV GTNV LETAKIVNON
oV TANBVoUOV, dttnpPNONKav oTabepég OAeG Ol TapdueTpot eKTOG amd pio
kéBe @opd. Mo cvykekpyéva, oe KAOe TPOCOUOINOT OIMAAGIACTNKE 1|
TOAVOTNTO TOL TOOLOV TOL PEVYEL MO TOLG YOVEIG TOV, TNG ONOVPYING

£voong Kot TG S1aAvong HaG EVeongs, ovTioToyo.

O peydrog avactartikds mopdyoviag oty avdntuén tov URM-Microsim
ntav n EAkewyn dedopévav yoo v mOAn ™¢ Mvutinvng. o moArd

yeyovoto o 0£dopEVA E1TE NTOV AT, gite 0ev NTav SLoBEGIULOL.

Kartapynv, dev viomombnke n npocspopds katowkiog. Xto URM-Microsim
OAEG Ol VEEC KATOIKIES Kol Ol PETATPOTES KATOKIOV divovtan eEwyevac. To
1010 yiveTon Ko pe TG aAAAYES OTIC TYLES TV EVOIKIOV KOl TOV 0LyOPUCTIKMV
a1V TOV KOTOKLOV. AKOUN TO YEYOVOS OAAOYNG €1G00NLOTOG TO OTOio
ocvopmeptiapphvetoar otnv avaivon kot o oxedcpnd tov URM-Microsim
dgv viomomOnke. 'Etot, ta voikokvpild dev ydyvouv yio véo KoTotkio Aoy
aAAayng oto €1660nud tovg. EmumAéov, katd tmv gvpeon epyaciag oev

Aoppavetor vwoOYn N YOPIKN dAoTAoT NG VEAG epyaciag (meployn otV
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omoio. PBpioketon M epyaocia). Téhog 660 a@opd TV £0M-HETAVAGTELOT),
Aoppavovtar vmwoOyn pOvo ot eotNTEC mov Epyxovtal KABe ypoévo o1
Mutidiqvn Yo oTtovdEG, EVAD VITAPYOVY KOl GAAEG KOTNYOPIEG VOIKOKVLPIDV
mov petakopifoov omv mOAN g Mvutinvng. Télhog, 10 ocvotua
gEetdotnke Ko aflohoyndnke pe TV Tpoypotomoinon &vog GLVOAOL
Tpocopotwoewv yw to étog 2002. Qotodco, pio TANpNg aSoAdynon Kot
aflomoinon tov URM-Microsim 0ev NTovV €QIKTH WO 7OV OV \TOV

owBéopa gpmepcd dedopéva yia tnv TOAN ™ Mutidnvng

URM-Microsim givat évo TpmTOTUTO GUGTNUO KOl GOV TETO0, EMOEXETAL

TAN00G PEATUDCE®V KOl ETEKTACEWV.

Kotapynv, kamoia and ta yeyovota mov vionoovviar 6to URM-Microsim
pumopovv va PertioBodv mepattépm Om®G M aAAayr] GTO €1GOMUA £VOG
VOIKOKLPLOU, 1 €vpeon epyaciog Aapupdvoviag vmoyn tig Kevég B€oelg
gPYOCiOg KOl TOLG YMOPOVS E€PYACIOG, KOl 1 E€0M-UETAVACTELOT).
EminpooBeta, o alyopiBuog avaljtnong KoTokidv Tpémel va, StopopemOet
YL VO EVOOUOTOCEL OAES TIG OAGTACELS avalnTnong. Avti Tn oTiyun ot
onuavtikdtepeg ownotdoelg avalnmong egetdlovral, dnAadn o apBuog

dopoatiov, n Tipn, o THTOG Kol KATAGTAoT EVOIKINoTG.

H vAomoinon g mpocopdc katowioc. Idtaitepa, otatiotikd povtédo 0o
TPENEL VO YPNOCLULOTOMOOVV Kol Vo, EVEOUAT®OOVV GTO GUGTNUA Yo TOV
VTOAOYIOUO TOV TIUADV TOV EVOIKIOV Kol TNng ayopacTtikng atlag Tov

KOTOIKIOV GOV GLVAPTNGN TG TPOSPOPES Kat TS {Tnong Katowkiog.

H epappoyn tov URM-Microsim ce pio GAAn mOAN pe meplocodtepo
dedopéva Bo dmwaoet T duvatdTnTa EAYMYNG TEPICCOTEPMY GUUTEPAGUATOV
YL TNV HETEYKATACTOON TOV VOIKOKLPLOV TNG MOANG KOl KAAVTEPTG

a&lomoinong Twv SVVOTOTHTM®Y TOL GLGTILATOGC.
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Téhog 0 oxedlacuOc Kot M avAmTuEn €vOg HOVTEAOL LETAPOP®V MG
enéktaon tov URM-Microsim, 0o dmoetl ) dvvoatdtra avamtuéng evog

OAOKANPOUEVOL GUOTHOTOG LETOPOPDV KOIL YP1IONG YNG.
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Chapter 1 Introduction

Chapter 1

Introduction

1.1 Introduction

The continuous waves of urbanization in most countries over the last few
decades, have led to urban sprawl and car dependency with unfavourable
repercussions for the quality of life in urban areas. Population swelling in
cities and sprawl have been linked to excessive congestion, environmental
problems with adverse effects on human health, and economic and fiscal
problems in maintaining the city infrastructure. The need to mitigate these
repercussions triggered the need of developing systematic urban plans that
encompass land use, transportation, environmental and economic
dimensions. A basic need within such plans is the ability to forecast housing
demand and supply and to analyze the impacts governmental policy
programs may have on urban housing markets. Unfortunately, the data
analysis tools available to planners and policy makers have lagged far
behind the need for developing coherent policy programs, leaving decision
makers inadequately prepared to anticipate the potential consequences of

alternative policy initiatives or infrastructure choices.

Until recently, another inhibiting factor in developing such tools has been
the hardware limitations in computer technology. In many cases the use of
data analysis and modelling techniques lead to rather contradictory or at
least poorly integrated policy objectives (Waddell, 1998). Furthermore, the
market effects and constraints of policy initiatives are given insufficient

attention or are misunderstood. Therefore, the use of effective data analysis
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techniques as an objective for urban development planning is not in

question.

Over the last three decades, while a considerable number of transportation
models has been developed and used in the regional transportation planning
process of several cities, especially in North America, land use models
received substantial criticism for their poor performance (Waddell, 1998). It
is striking that all integrated land-use and transportation models such as
ILUTE (Miller et al., 2004), ILUMASS (Moeckel et al, 2002) and
MOSES! (Birkin ef al., 2005; Birkin ef al., 2006) pay considerable attention
to transportation modeling marginitizing the treatment of land-use
modeling. Moreover, the field of modeling land use and transportation
systems has been consistently criticized for its complexity and black box
character (Timmermans, 2003). It is within this context that this work

focuses on, modeling land use.

Among competing land uses within a city, residential land use is perhaps the
most significant in determining the urban structure. For example, in the case
of the Municipality of Mytilene, 81.43% of its buildings are allocated to
residential use, while only 6% of them can be characterized as commercial.
Therefore, the structure of a city constantly changes, mainly due to housing
demand and housing supply. Housing demand depends on several factors,
such as changes in household structure caused by demographic events (for
example mortality, fertility, marriage/divorce etc), migration (in- or out-
migration), changes in income and employment of the urban population, and
demand for specific housing qualities (for example accessibility to

employment location, structure type, neighborhood quality). Housing

! The MOSES system has not been implemented yet.
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supply, on the other hand, aims to satisfy housing demand. Urban housing

markets are, thus, constantly adjusting to new demand/supply equilibria.

Residential mobility in a city is highly dependent on a series of interrelated
decisions that are taken both at individual and household levels, and depend
on the demographic, social and economic attributes of individuals and
households (for example marital status, income and employment). These
decisions are triggered either by shock events external to the households
such as housing policy programs and government social policies or by the
expected household and family demographic development as they progress
in their life cycle. Decision may also be triggered by natural disasters such

as an earthquake.

Knowledge of future housing needs is of profound importance to all actors
involved in the market such as public and private investors, planners and
housing corporations. Future housing needs and consequently, residential
mobility depends on changes in household structures and affects housing
market dynamics. Therefore, modeling household development and housing
market changes may be used in applications such as forecasting housing
demand, as well as analyzing the impacts that shock events may have on
urban populations and city structure. These models result in complex
behavioral systems and their development, management and exploitation

require the use of effective development tools.

Conceptualizing urban residential mobility has been a long-standing
research issue in the social sciences (Rossi, 1955; Brown and Moore, 1970).
Urban academics and policy makers have used over the years various data
analysis and modeling techniques for the development of residential
mobility models. While some of them do not produce reliable

representations of these complex systems, others deal with this complexity
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more effectively (Bartlema and Vossen, 1988). The field of computer
science has defined several methodologies for the development of software
systems. However, not all of them handle the requirements of complex
systems and thus, are not suited for residential mobility systems (Booch,
1994). The choice of effective data analysis techniques and powerful
computer science tools is an important issue in developing residential

mobility systems.

1.2 Objectives of the investigation

The aim of this work is the design and development of a prototype decision-
support system, called URM-Microsim (Urban Residential Mobility
Microsimulation), which captures the household development and the
housing market changes in a city. Its development will be shaped by several
constraints that emanate from the context described in the previous section.
First, URM-Microsim should be based on sound theory, offering the ability
to analyze the impact of the events experienced by individuals and
households on population residential mobility and consequently in the
change of a city structure. Second, it should be defined in a way that it
would be comprehensible to all actors involved in the development of such
a system and particularly to the system’s end users i.e. the policy makers.
Third, it should be defined and then implemented in a way that it would be
easily extended with additional functionality even by a team different than
the original development team. Fourth, it should be defined and
implemented in a way that it would make it adaptable to cities of varying
size and complexity. Finally, it should be developed and tested within one

city, using existing data.

In order to accomplish the above objectives:
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1. An effective data analysis technique called microsimulation will be used
to define the URM-Microsim model.

2. A computer science modeling language, called the Unified Modeling
Language (UML) enriched with spatial, temporal and spatio — temporal
concepts will be used for the graphical representation of the URM-
Microsim model, during the analysis and design phases of the system
development life cycle.

3. A powerful computer science tool i.e. the ArcGIS platform, which is a
Geographic Information System (GIS) tool, will be used in conjunction
with Visual Basic for Applications (VBA), an object-oriented
programming language, as the system’s implementation platform.

4. The use of the developed system will be demonstrated by applying it to
the city of Mytilene. For this purpose demographic and housing market
data for the city of Mytilene will be gathered from various data sources
(for example, National Statistical Service of Greece, Eurostat, Surveys).
Using these data a synthetic population of individuals and households
will be created. The synthetic population will be inserted in the
developed system, in order to simulate the residential mobility in the

town of Mytilene, on a yearly basis.

1.3 The structure of the thesis

The development of a software system such as URM-Microsim consists of a
set of phases that follow each other seamlessly and constitute the system
development life cycle. The thesis is structured according to these phases,

which are (Booch, 1994):

Conceptualization: the scope of the system is defined and the core

requirements for the system to be developed are identified. Earlier in this
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chapter (Chapter 1) we addressed the issues that need to beincluded in the

phase of conceptualization.

Analysis: the function of the system is defined, that is, what the system does,
through domain analysis and use case planning. In Domain analysis existing
related systems are examined in order to identify the classes and objects that
are common to all applications within a given domain, such as housing
market systems. The issues included in the domain analysis are addressed in
Chapter 2 and Chapter 3. In particular, Chapter 2 discusses the research
conducted on the residential mobility process and examines existing
residential mobility microsimulation models. Initially, the factors thought to
influence residential mobility are discussed, as well as the most significant
results that have been accumulated over the last forty years. Then, the
different strategies employed in the modeling of the residential mobility
process are presented. Next, the microsimulation technique, as well as its
strengths is presented and the key concepts of a residential mobility
microsimulation model are defined. Following that, we describe LOCSIM at
length. This seems to be the most well developed and documented
microsimulation model of residential mobility. Next, the HUDS, Fransson,
SVERIGE, ILUMASS, UPDATE, HOUSIM and ILUTE residential
mobility models are examined, and their main strengths and weaknesses are
highlighted. Finally, an overview of the methods presented is given and the
contribution of this work in the field of residential mobility systems is

outlined.

Chapter 3 discusses powerful computer science tools i.e. models, methods
and processes which allow the effective conceptual and graphical
representation of a system under development such as a residential mobility
system. Initially, the kinds of system development methods are presented

where the predominance of object-oriented technology is pointed out. Next,
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the elements of object-oriented methods are presented. Then, the Unified
Modeling Language (UML) is presented, which is defined by the Object
Management Group (OMG), as the standard object-oriented modeling
language and the use of UML in microsimulation model development is
illustrated, through an example: applying UML to the existing model
LOCSIM. In relation to Chapter 3, Appendix A provides the detailed
graphical notation of the elements used in UML diagrams. The remaining
sections of chapter 3 discuss the spatial, temporal and spatiotemporal
concepts of systems and examine two existing Spatio-Temporal modeling
languages based on UML called Extended SpatioTemporal UML and
SpatioTemporal PVL for UML as well as the ArcInfo Geodatabase Model.
The main strengths and weaknesses of these models are pointed out.
Moreover, an overview of the modeling languages presented is given and
the choices made within the context of this work are justified. Finally, the
ST-UML process is defined, that is, a set of activities that guide the
development of a system, by applying the UML modeling techniques
extended with spatiotemporal constructs. In Appendix B the

SpatioTemporal UML (STUML) Process is described in detail.

Use case planning: once domain analysis is completed, the analysis phase
moves on to use case planning in order to develop a model of the system’s
desired behavior. Use case planning is addressed in Chapter 4 where the
analysis model of URM-Microsim is presented. The analysis model captures
the requirements of the system to be developed and does not contain any
implementation details in order to be usable by all members of a
development team (users, analysts, programmers etc). For the graphical
representation of the analysis model, UML with spatio-temporal extensions
is used in conjunction with the Microsoft Visio 2000 UML CASE tool.
Initially, the behavior of the system to be developed (what the system does)

is presented that is, the URM-Microsim Model as well as its components,
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namely, the Housing Demand, Housing Supply and Residential Search and
Migration sub-models. The use-cases scenarios that define in detail the
events modeled by URM-Microsim are presented in Appendix C. Then, the
URM-Microsim Database is presented, namely, the entities that are of

interest as well as their characteristics and the relationships with each other.

Design: the architecture of the system under development is defined. Design
is addressed in Chapter 5 where the design model of URM-Microsim is
presented taking into consideration the implementation platform to be used.
Therefore, UML with ArcInfo extensions (ArcInfo Geodatabase Model) in
conjunction with the Microsoft Visio 2000 UML CASE tool is used for the
graphical representation of the design model. Initially, the behavior of the
URM-Microsim Model and its sub-models (Housing Demand, Housing
Supply and Residential Search and Migration) is presented, that is, the steps
the model goes through, in order to execute the model processes. Next, the
events that occur in the Housing Demand and the Residential Search and
Migration sub-models are presented. In addition, the URM-Microsim
Database is presented, namely, the entities that are of interest as well as
their characteristics and the relationships with each other. Finally,
implementation issues concerning the implementation of the URM-

Microsim design model are discussed.

Evolution: the implementation is evolved though successive refinement in a
series of releases. URM-Microsim is implemented and Chapter 6 refers to
the last system implementation releases. Specifically, the chapter is devoted
to applying URM-Microsim to the real world. The Municipality of Mytilene
was chosen as a testing ground for URM-Microsim. Mytilene was chosen
for two practival reasons. First, it is a small town (about 30.000 population)
with a single economy and quite self-contained. Secondly, since it is the seat

of the Department of Geography of the University of the Aegean, it was
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reasoned that it would be easier to collect the required data and in cases
where no data are available, more realistic assumption could be made.
Initially, a short introduction on the history and background of Mytilene, its
population and its housing market are presented. Next, the population
synthesis technique used to produce the Mytilene data is presented, as well
as its input data and an excerpt of the synthetic data is given. The
questionnaire used to collect household and dwelling information for the
city of Mytilene is presented in Appendix D. Finally, the probability

distributions required by URM-Microsim are calculated.

Once URM-Microsim is loaded with the Mytilene data, the system’s
performance is examined in Chapter 7. The system is executed in order to
simulate the population and housing market developments. Then, the issue
of model efficiency arises: how well does the model simulate reality?
Initially, the notion of system calibration is discussed, then the series of
simulations carried out for URM-Microsim are presented and the simulation
results are discussed. Next, the notion and methods of system validation are

discussed.

Finally, in Chapter 8 an overview of the work presented in this thesis, a
summary of the main contributions of the research, and its conclusions are

presented. In addition, further work in this area is discussed.
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Chapter 2

Background Literature

in Modeling Residential Mobility

2.1 Introduction

In this chapter, we discuss the residential mobility research, including
theories and empirical findings, as well as the relevant microsimulation
models. Section 2.4 presents the factors thought to influence residential
mobility and the most significant research findings over the last forty years.
Section 2.5 presents the different strategies employed in the modeling of the
residential mobility process. Section 2.6 presents the microsimulation
technique along with its strengths. Section 2.7 defines the key concepts of a
residential mobility microsimulation model. Section 2.6 gives an extended
description of the LOCSIM model, which seems to be the most well
developed and documented microsimulation model with respect to modeling
demographic processes. Sections 2.7 to 2.13 examine the HUDS, Fransson,
SVERIGE, UPDATE, HOUSIM, ILUTE and ILUMASS residential
mobility models, and their main strengths and weaknesses are highlighted.
Finally, section 2.14 gives an overview of the models presented and the
contribution of this work in the field of residential mobility systems is

outlined.
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2.2 Residential mobility

Residential mobility can be defined as the movement of individual
households from one place of residence to another. Regarding intra-urban
mobility, these movements take place within the confines of a particular
urban area. This form of population movement is quite substantial in any
given year. On average, approximately 20% of all North American
households move each year and about two-thirds of these residential shifts
are intra-urban in nature (Short, 1978; Knox, 1987). This high level of
movement indicates that the intra-urban migration process has an enormous

potential to alter spatial relationships within urban areas.

Given this ability for population redistribution, it is not surprising that
residential mobility has become a major area of interest in geographical
research. This interest was sparked by a major paradigm shift within the
field of geography. From approximately 1930 to 1960, areal differentiation
was the major method of geographic inquiry. During this time period, most
research was concerned with describing differences and similarities across

space (e.g., Burgess, 1925; Hoyt, 1939).

In the mid- to late-1950s, there was a growing dissatisfaction with the
descriptive nature of areal differentiation because these techniques offered
no explanations for the patterns they described (Golledge, 1980). As a
result, there was a shift in methodological emphasis from simply describing
spatial patterns to also trying to understand and explain the processes that
influence these patterns. The method of analysis that was developed shifted
the focus of inquiry away from observed aggregate patterns towards the
individual decisions that combine to create these patterns. The emergence of
this method, which is referred to as behaviouralism, helped to bring research

on residential mobility to the fore of geographic inquiry because, at the most

11
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(13

basic level, residential mobility is “... a process involving [individual]

household decisions ...” (Short, 1978, 420).

Over the last forty years, a considerable amount of research on the
residential mobility process has been conducted. The vast majority of this
research has been framed within the concepts of micro-economics and
behaviouralism. These studies have attempted to explain the process of
residential mobility (i.e., the circumstances or events that influence the
household decision to move). The general findings of these studies are that

“Households [choose to] move when they perceive their existing dwelling to

be undesirable, or at least less desirable than an alternative” (Harris, 1991).

There are several factors that contribute to a household’s perception of its

housing situation.

e Housing Characteristics. Several authors have discussed the impact of
housing attributes on mobility (e.g., Clark et al., 1986; Michelson, 1977;
Rossi, 1955). Housing characteristics that are commonly associated with
residential mobility include tenure, physical attributes and cost. One of
the most consistent findings in mobility research is the large difference
in the mobility rates of owners and renters. Renters are typically found
to have a much greater desire to move and are thus more mobile than
owners (Rossi, 1955). Among the physical attributes of housing, space
is usually found to be the dominant factor in mobility decisions. In
(Goodman, 1976) crowding, which serves as a measure of space
pressure, is found to influence mobility and housing quality (measured
as expenditure per room) is found to have a very small impact on
mobility. In (Moore, 1972) it is suggested that the impact of housing
costs on mobility is weak and the empirical results tend to support this
claim. In (Rossi, 1955) housing costs are found to be a major
consideration after the mobility decision has been made and the

household is considering alternative locations. If a household is faced

12
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with two or more suitable alternatives, they will select the least
expensive option (Rossi, 1955).

e Neighbourhood  Characteristics. The  relationship  between
neighbourhood attributes and residential mobility has been the subject of
several studies (e.g., Brown, 1975; Connerly, 1986; Speare, 1974;
Varady, 1983). Neighbourhood attributes, which are commonly thought
to influence mobility, include quality, social composition, social ties,
public services and accessibility. Neighbourhood quality, essentially, is
a composite measure of neighbourhood characteristics. While some
studies (Speare, 1974; Rossi, 1955) suggest that neighbourhood quality
impacts the mobility decision indirectly through residential satisfaction,
others claim that most moves are short, within familiar territory, and
reflect satisfaction with the neighbourhood (Simmons, 1968). With
regard to social composition, while some argue that the mobility is the
same, regardless of social background (Simmons, 1968), others show
that the mobility process does not work in the same way for households
from different ethnic backgrounds (St. John et al., 1995). While some
studies state that over time (i.e., as people age), people become
integrated into the community in which they live through social relations
and organizations, and the more integrated a person is, the less likely
he/she is to break the ties by moving (Goldscheider, 1971; Speare,
1974), others show that neighbourhood relationships have a weak
impact on mobility in comparison to factors such as tenure and age
(Connerly, 1986). Public services include a wide range of common
“goods” provided by the local government, such as police protection,
garbage removal and schools. While, it is a commonly accepted belief
that households move because of the poor provision of public services in
some neighbourhoods (Michelson, 1977), the results of empirical studies
are not conclusive (Varady, 1983). With regard to the relationship

between workplace accessibility and residential mobility, there are
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reviews, which explicitly reject any relationship (Clark, 1982; Short,
1978; Simmons, 1968). However, in (Brown, 1975) the produced results
demonstrated that households that did not experience a change in
employment had a substantially lower annual move rate than those
households that did undergo a change in job location.

Income. A number of authors have analyzed the relationship between
changes in income and residential movements. Generally, the results
conclude that there is weak relationship between income and voluntary
mobility (Speare; 1974; Pickvance, 1974; Duncan and Newman, 1976).
Life-Cycle. Without debate, the life-cycle hypothesis has received the
most attention of any of the theories associated with residential mobility.
First analyzed by (Rossi, 1955), the life-cycle hypothesis generally
states that mobility is a process by which households adjust their
housing to the needs that are created by the changes in household
structure that result from life-cycle transitions (e.g., the birth of a child).
Empirical studies have generally provided support for the hypothesis.
(Pickvance; 1974; Duncan and Newman, 1976; Clark et al., 1986;
Speare and Goldscheider, 1987).

While it is possible for the mobility process to be triggered by any one of
these causes, it is more likely that the decision to move is conditioned by a
combination of events. The next section looks at how these factors, and
different combinations of factors, have been incorporated into a modelling

framework.

2.3 Modeling residential mobility
There are two basic approaches that can be used to study any phenomenon:

empirical and theoretical studies. Empirical studies seek to explain

14
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processes based on observations of how they work. In studying processes of
human behaviour, it is not always possible to directly observe the
mechanism under investigation and, as a substitute, researchers use surveys
in order to find out how individuals respond to specific stimuli. Once data
for a representative sample has been collected, the researcher is able to infer

generalizations of how the process operates for the entire population.

In contrast, theoretical studies attempt to explain a process by creating a
simplified representation of that process (i.e., a model) and observing how
the model responds to situational changes. Models can take on many forms:
physical, graphical, mathematical expressions, verbal descriptions or
computer programs. As with empirical analyses of human behaviour, a
researcher can run into problems due to the complex nature of human
decision-making. If the researcher tries to incorporate all of the variables
involved in the decision making process, the model will quickly become
overly complex and extremely difficult to operationalize. On the other hand,
if the researcher leaves out a critical variable, the results generated could be
meaningless. As a result of the difficulties in designing a representative
model of human behaviour, model builders have tended to rely on the
results of empirical studies in order to determine which factors are the most
important in terms of explaining the process being studied. Models of the
residential mobility process are a classical example of how the results of

empirical studies have been incorporated into a modelling framework.

The vast majority of residential mobility models have been developed from
a behavioural perspective. The behavioural method is concerned with
studying human activity from the viewpoint of the individual. The primary

(13

goal of behaviouralism is to “... identify the steps involved in decisions
made by individuals and [the] constraints wherein these decisions are made”

(Filion and Bunting, 1991, 13). Thus, the behavioural method views
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residential mobility as a decision made by individual households. This is the
approach that has been applied to models that approach mobility from an

economic view as well as those that approach it from a sociological view.

Generally speaking, economic models of the residential mobility process
assume that households derive utility from their housing situation.
Households are assumed to consume housing so that the utility they obtain

is maximized. These are standard assumptions of economic models.

The economic models of mobility that have been developed are based on the
disequilibrium model of housing consumption (e.g., Goodman; 1976;
Hanushek and Quigley, 1978a, 1978b). These models assume that
households derive utility from the consumption of housing and all other
goods (a composite commodity). Subject to a budget constraint, households
will maximize their utility by consuming the appropriate amounts of these
two goods. If there is a change in housing attributes or household
preferences, a household will begin to deviate from its equilibrium level of
housing consumption. In order to realign consumption with preferences, the
household will move to a new house which satisfies better the household’s
needs/wants. The probability of moving is the greatest for households that
deviate the most from their equilibrium consumption level and who face the
lowest costs of moving. A move occurs if the utility gain from the move is
greater than the disutility associated with moving (i.e., search, psychic and

monetary costs).

There has been a large number of residential mobility models developed
from a sociological perspective. In the sociological literature, there have
essentially been two main approaches to mobility modelling: (cumulative)

stress adjustment and (cumulative) inertia effects.
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(Rossi, 1955) was the first to analyse the link between changes in the family
life cycle and a household’s propensity towards residential mobility. The
empirical regularities of the family life-cycle cited in the mobility literature
have been generalized into a life-cycle model of residential mobility by
(Abu-Lughod and Foley, 1960). According to the life-cycle model, a
household goes through a number of different stages in its lifetime. As a
household progresses through these phases of development, it experiences a
number of changes in its structure, which impact upon its housing needs. As
a result, the household will move in order to satisfy this change in housing

needs.

The stages of development in the life-cycle model are intrinsically linked to
the space requirements of the household. As the household moves through
its life cycle, and subsequently experiences changes in its size, it will move

in order to adjust its housing situation to these space requirements.

It should be stressed that this development process is a generalization of
household transition and that all families do not follow the exact same life
course. Specifically, the life-cycle model generalizes the movement patterns
of middle-income households. This issue has become more salient in recent
years, as there has been a large increase in the number of alternative
households (for example, single parents, childless couples, same-sex
partners). Also, changes in a family’s life cycle do not fully account for the
housing considerations of the household (Kendig, 1984). Preferences alone
do not dictate where a household lives and that a household’s housing
situation cannot be properly understood without considering their economic
means and the constraints that exist in the housing market (Kendig, 1984).
Also, there may be a strong correlation between changes in the family life-
cycle and changes in its economic conditions (Kendig, 1984). For example,

a young couple wanting to start a family may wait until such time as it can
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afford to do so. Therefore, while the family life-cycle model provides many
useful insights into one reason behind the mobility decision, it does not fully

explain the mobility process.

Another important concept in modelling residential mobility from a
sociological perspective is the idea that there exist factors, which work to
impede the mobility process. The concept of cumulative inertia was
introduced, which is the idea that “The probability of remaining in any state
... Increases as a strict monotone function of duration of prior residence in
that state” (McGinnis, 1968, 716). This means that, the longer a household
lives in a specific dwelling (i.e., state), the less likely it is that it will move

from that dwelling.

Compared to the volume of literature which focuses specifically either on
cumulative stress or cumulative inertia, there have been a negligible number

of attempts to model both processes together (Huff and Clark, 1978).

Residential mobility models have evolved over time and are presently in the
process of being further developed. A number of researchers have applied a
modelling technique, known as microsimulation, to the study of mobility.
This technique has the potential to improve significantly the modelling of

the residential mobility process and is discussed in the next section.

2.4 The microsimulation technique

Until recently, urban academics and policy makers developed demographic
and urban models using conventional modeling techniques. Models based
on these techniques are defined at the aggregate level (macro-models), that
is, they refer to groups of individuals that comprise their population. In

particular, the principle feature of such a model is an n-dimensional matrix
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which represents the population database used by the model; the population
is categorized based on a number of attributes that are of interest within the
particular application and the cells of the matrix, referred to as states,

contain information on the total number of individuals within each state.

It is argued that aggregate-models do not produce reliable representations of
the complex behavioral relationships that household and family
demographic systems incorporate; the modeling of demographic processes
such as fertility, marriage and migration, generates discrepancies between
projected and real world outcomes (Bartlema and Vossen, 1988). This is due
to the fact that individuals are the basic decision makers with regard to these
processes, not the population as a whole. Moreover, aggregate-models
cannot capture the spatial representation of the population residential
mobility. Consequently, the spatial representation of model results may only
be made at aggregate level i.e. the housing market level. That is why, in
recent years, microsimulation has been receiving ever-increasing attention

as a method for modeling household decisions.

Microsimulation was first introduced by (Orcutt, 1957) and is used for the
development of models at the disaggregate level, that is, it aims at the
modeling of micro-units such as individuals, households and firms, and the
events they encounter. In other words, in a microsimulation model each
entity of the modeled application forms a record within a database and the
attributes of each entity are updated based on the assumed or observed

behavior of the entity.

The development of a microsimulation model involves two main phases:
1. The construction of a detailed database defined at the micro-level (i.e.
consists of a list of individuals, households, etc, and their associated

attributes).
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2. The construction of a mechanism for the processing of these micro-units
through a set of rules that will lead to changes in the value of the

attribute associated with each individual unit.

A microsimulation model should be capable of storing the spatial dimension
of objects (or entities, or actors) and handling the objects’ behavior over
space. In addition, it should be capable of storing information over time and
querying this information to determine objects’ future behavior and help

decision-makers with future decisions.

While it might seem as though the main concern of microsimulation is with
the individual actors of a given system, this approach is actually interested
in determining the system’s aggregate results. Whereas aggregate models
make generalizations about human behaviour and model decisions at the
aggregate level, the microsimulation approach models decisions at the
individual level and then combines these outcomes in order to attain an

aggregate result.

The microsimulation method has several advantages over the macro
approach; however five of these can be considered the most important.
These five benefits include: detailed descriptions of individuals, the
disaggregate nature of the results, explanatory variables are subjected to few
restrictions, a decreased chance of inferential error and, finally, the ease
with which theories can be incorporated into the microsimulation

framework.

First, the structure of the microsimulation approach allows for highly
detailed descriptions of the individuals, which are part of the system being
modelled. A microsimulation database is comprised of a list of individuals

that are described by a number of characteristics. The macro approach, on
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the other hand, uses data that is in matrix form and the cells of a macro-
matrix contain a count of the number of individuals that fall into specified
categories. Due to data aggregation, the macro approach tends to suffer from
data loss and abstraction (Orcutt et al., 1968). This is not a problem in the
micro case because the database contains the actual data for each individual.
On a related note, the database in the micro case represents the life-histories
of several individuals. Thus, the validity of the simulated events can be
established by comparing the simulated and actual life-histories of

individuals.

A second advantage of the microsimulation method is that the generated
results are in a disaggregate form. This is advantageous for two reasons.
First, results of this nature allow for flexibility in aggregation. If the
researcher needs to analyse the data at various scales (e.g., local, regional,
national), this is done with relative ease. Second, analysis of the data for
different sub-groups within the population (e.g., sub-groups could be
defined spatially or by any of the attributes in the database) allows the
researcher to establish how the results are distributed amongst these groups.
This is a particularly important feature in policy analysis, where it is critical

to determine the gainers and losers of a certain (change in) policy.

Another advantageous feature of the microsimulation approach involves the
number of explanatory variables that can be factored into the analysis. Due
to the nature of the database in a microsimulation (i.e., a list containing all
individuals), the size of the data structure is not a function of the number of
variables, but is determined by the sample size. Therefore, a large number of
explanatory variables can be factored into the analysis without any problems
of storage and computation. In contrast to this, the database in a macro
model, because it is in matrix form, increases in size very rapidly as more

and more variables are added to the database. This means that macro-level
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data files can become very large with just a few explanatory variables,
which can cause computational and storage problems (this problem becomes

less of a factor as computer technology keeps improving).

A fourth benefit of the microsimulation method is that it involves less of a
chance in making inferential errors due to heterogeneity. Aggregation tends
to mask a lot of the variation that is present within data. As a result, this
“hidden” heterogeneity is often mistaken for substantive relationships
between variables. In microsimulation, the results are in a disaggregate form
and, therefore, the variation in the results is not masked. This situation

reduces the chance of drawing spurious conclusions.

A final advantage associated with the microsimulation technique is that it
“... allows for the incorporation of theories that have been developed at that
level as opposed to those relating to aggregates of micro units” (Clarke and
Holm, 1987, 147). Behavioural theories are developed at the level of the
individual and are meant to be applied to situations that focus exclusively on
the decisions made by individuals. Since microsimulation models simulate
the behaviour of individuals, the concepts (e.g., decision rules) developed in

behavioural theories are easily incorporated into this type of framework.

Microsimulation literature includes several residential mobility models
which may be grouped in two categories. The first category includes the
residential location-choice models such as SwarmCity (Devisch et al., 2004)
and UrbanSim (Waddell, 1998). These models describe the behavior of an
individual (be it a household, firm, company etc) searching for a location to
settle. In these models, the demographic model is either modeled as a
transition model simulating population changes using iterative proportional
fitting to create households of particular types (in case of UrbanSim) or

given exogenously (in case of SwarmCity). The second category includes
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the demographic and housing market models, which explicitly model the
demographic events experienced by individuals and households, as well as
their interrelationship with residential mobility. Models enlisted in this
category are: HUDS (Kain and Apgar, 1985), UPDATE (Clarke, 1995),
HOUSIM (Clarke et al., 1989), LOCSIM (Oskamp, 1995; Oskamp, 1997),
Fransson model (Fransson, 1994; Fransson and Makila, 1994), SVERIGE
(Vencatasawmy et al., 1999), ILUMASS land-use model (Moeckel et al.,
2002) and ILUTE residential mobility model (Miller et al., 1987). As the
importance of the demographic model was outlined in Chapter 1, within the

context of this work the second category of models is of interest.

2.5 Elements of residential mobility microsimulation models

When defining a residential mobility microsimulation model, a set of issues

and concepts is of importance and should be taken into consideration. The

elements that such a model should incorporate are:

e Database entities. The entities that are of interest within the context of
the model and thus comprise the model’s database such as individuals,
households, dwellings, companies, etc.

o Space & time dimensions. The ability of the model to store the spatial
dimension of database entities, to handle their behavior over space, to
store information over time and to query this information.

e Housing, demographic and economic events. The event attributes which
are of importance in residential mobility microsimulation modeling
include the occurrence of events, the sequencing of events and the event
modules.

o Occurrence of events. During a simulation period, each individual
may experience one or more events. Various methods may be used to

determine whether an individual experiences a specific event or not.
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Monte Carlo sampling is such a method, and is employed by several
microsimulation models. In Monte Carlo sampling (Oskamp, 1995),
a random number from a uniform distribution [0,1] is drawn for each
process that an individual may experience. This number is compared
to the probability that the event occurs; if the random number falls in
the interval between 0 and the event probability then the event
occurs; if the random number falls in the interval between the event
probability and 1, the event does not occur.

o Sequencing of events. Since each individual of the population is
sequentially subjected to the probability of experiencing each event,
the order of events is of importance mainly for two reasons (Oskamp,
1995). First the sequence may bias the number of events that occur.
For example, if death is simulated before fertility, women who died
may have had a child before they died. If fertility is simulated before
death, births are included of women who would have died before
they gave birth. Second the occurrence of one event may change the
probability of occurrence of another event. For example, if marriage
(union formation) is simulated first, then fertility probability
increases since it depends on marital status. Most models use a fixed
order of events. Alternatively, one strategy used in event ordering is
the random order of events called random dates (Oskamp, 1995).
This is a two-step process. The first step only determines if an event
will occur, and if so on which of the 365 days of the year. The
second step then executes the events in the order determined in the
first step.

o Event modules. 1t refers to the events simulated by the model. Within
a model, an individual may experience demographic events such as
fertility, nest leaving and marriage, and economic events such as job
change. A dwelling may experience housing events such as

demolition, split and renovation.
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Housing search. The housing search attributes which are of importance
in residential mobility microsimulation modeling are the dimensions of
housing search taken into consideration and the housing search method
used.

o Dimensions of housing search. It refers to the elements of a dwelling

taken into consideration during the search process. A vacancy’s
attributes on all dimensions of the housing search are checked
against the household’s aspirations, and the searching household
decides whether to accept or not the dwelling. Important dimensions
of housing search are price, number of rooms, type, neighborhood

quality, relative location, quality and age of house.

o Housing Search Method. It refers to the method that households use

to search the housing market, and to structure their housing

decisions.

Realization level. There are three levels of model realization:
implementation, calibration and validation.

o Implementation. The process aims at generating program code in

some programming language to construct a microsimulation
information system that is based on the model.

Calibration. 1t is a process aiming at fine-tuning the model, so that it
can replicate real world developments (Oskamp, 1997). It simulates
the behavior of the base population living in a geographical area over
a time period, for which empirical data are available. The outcome of
the simulation is compared to the empirical data and the analysis of
their discrepancies reveals which code modules and parameters
should be fine-tuned.

Validation. The process applies the calibrated model to different data

and/or geographical area and/or period, and checks whether it yields
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comparable results i.e. whether the model ‘fits’ in another context

(Oskamp, 1997).

The following sections discuss existing residential mobility microsimulation
models and look at how the above mentioned elements have been

incorporated into the models.

2.6 LOCSIM

LOCSIM (LOCal SIMulation) (Oskamp, 1995; Oskamp, 1997) is a dynamic
microsimulation model that captures the developments in demographic
structures and housing markets, as well as the interrelation between them. It
was developed using conventional analysis and design methods, and
operates at local levels and for short periods of time within a time horizon of

three to five years.

Within LOCSIM, the database entities of interest are individuals,
households and dwellings. In addition, three types of mobility by destination
are distinguished: households moving within the boundaries of the housing
market (residential mobility), households moving from the LOCSIM
housing market to another one (out-migration), and households moving into
the LOCSIM housing market from the rest of the world (in-migration).
Most of the processes are simulated using Monte Carlo techniques. In some
cases, the process is clearly one of choice and may therefore be modeled

with a decision rules approach.

The model consists of three main sub-models (Figure 1):
o The Demographic Development sub-model (Figure 2), which simulates
the occurrence of demographic events (e.g. fertility, marriage etc) and

therefore generates housing demand. Demographic events are assigned

26



Chapter 2 Background Literature in Modeling Residential Mobility

to individuals using Monte Carlo sampling. The order of events
(sequencing) occurring during a one-year period is simulated using
random dates. The probability distributions of the various events can be
age, sex or duration specific. The model sequentially exposes
individuals to the risk of experiencing demographic events. As the
occurrence of such an event changes the structure of the household to
which the individual belongs, the household is assigned a move fag to
denote its desire to move. The tag may be a preferred move tag (the
desire to move is the reaction to the occurrence of the demographic
event), implied move tag (moving is a condition for the occurrence of
the demographic event) or forced move tag (in case of dwelling
demolition, eviction, etc). All households do not have an equally strong
desire to find a new dwelling; this is captured by introducing search
intensity. Within LOCSIM the following demographic events are
modeled:

o Mortality: at the beginning of each simulation period, all individuals
are exposed to the risk of dying, based on age- and sex- specific rates
of mortality. If a death occurs, the attributes of the individual and the
household to which the individual belongs, are updated accordingly,
and the household is assigned a move tag. If the individual is a one-
person household, then the dwelling of the deceased is added to the
stock of vacant dwellings.

o Fertility: all female members of the population that are of
childbearing age (i.e. aged 18 to 45) are subjected to the probability
of giving birth, based on age-specific rates of fertility. If a child is
born, a new individual is added to the population database and the
household is assigned a preferred move tag.

o Nest leaving: all individuals of age 18 and older, who are living with
their parents, are subjected to an age- and sex- specific nest leaving

probability. (i.e. leaving the parental home to live alone). The nest
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leaver and the parental household are tagged with an implied and a
preferred move tag, respectively. If the individual’s housing search is
unsuccessful, then the nest leaver is returned to the parental
household and the move tags are removed.

o Divorce and dehabitation: all individuals in unions are subjected to
dissolution probabilities, which are different for marriages and
cohabitations and are based on the duration of the union. When a
couple breaks up, the next decision is which partner moves out of the
current dwelling forming a new household, and if there are children,
with which parent they go. The newly formed household receives an
implied move tag and the original household receives a preferred
move tag. The new household returns to the original household if
housing search is unsuccessful, and the move tags are removed.

o Marriage of cohabiters: as it is assumed that if two persons who are
cohabiting marry, they will marry each other, they do not enter the
partner market. All cohabiting couples are subjected to the
probability of marriage. The only consequence is that marital and
cohabitation status of the individuals is updated. The newly married
couple is tagged with a preferred move tag but with low search
intensity.

o Partner market: marriage and cohabitation: all individuals not
living with a partner are copied from the population to a partner
market file. In the partner market each individual is first subjected to
a search probability to decide whether or not the individual will
actively search for a partner. If search commences, it is decided
whether the individual will search within the municipal boundaries
(i.e. the partner market file) or outside the municipality. The current
search criteria are only age and sex, but could easily be extended to
include other attributes, such as ethnicity and education. If the

individual’s partner search succeeds, the new household is tagged
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with a move tag. If the partner is from another municipality, then it is
determined whether the partner moves in with the searcher or vice
versa.

o Income change: after having been put through the demographic
processes, each individual is subjected to a probability of income
change. If the income of the individual changes, the household to
which it belongs, is tagged with a preferred move tag.

o Non-triggered mobility: each household that did not receive a move
tag of any kind in the previous modules is now subjected to a
probability to make a move not triggered by one of the processes
(demographic events and income change) simulated in LOCSIM. If a
household is to move, it is tagged with a preferred move tag.

o In-migration: the composition of an in-migrating household is based
on probability distributions by household size and age-of-the-head.
When household size and age of the head are known a random
household from the population with corresponding size and age is
copied to create the in-migrating household.

e The Housing Supply sub-model which simulates exogenous changes on
the supply side of the housing market. Changes in housing stock are
modelled in LOCSIM using Monte Carlo sampling. Dwellings are
exposed to the risk of being demolished, split, combined and renovated
and having their tenure changed. The updating of housing prices (rent
and market value) is modelled using exogenously induced rent and
market value increase. Changes in the characteristics of the dwellings
households occupy generate moving intentions.

o Demolition of dwellings: each dwelling is exposed to the probability
of being demolished, based on the NCBS housing statistics. If a
dwelling is to be demolished, it is removed from the database and the
household occupying it, is tagged with a forced-move tag, giving it a

high priority in housing allocation.
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Splitting of dwellings: each unoccupied dwelling is exposed to the
splitting probability. If splitting takes place, the database is updated.
Combining dwellings: all sets of unoccupied dwellings and
unoccupied neighbouring dwellings are exposed to the combine
probability. If combining takes place, the database is updated.

Tenure change: every rented dwelling is exposed to the probability
of changing into an owner-occupied dwelling based on Dutch
Housing Demand Surveys. If tenure change occurs, the resale value
is determined based on the market value of the dwelling or the
average market value of the dwellings in the street.

Renovation: all dwellings are exposed to a renovation probability. If
renovation takes place, the quality indicator of the dwelling is
updated as well as the rent and/or market value, and, in case of rent-
increase, the household is tagged with a preferred tag.

Rent and market value update: all rents of rental dwellings in the
housing database are increased by the average percentage valid for
the municipality. All market values of owner-occupied housing are
annually increased by 6.67 per cent.

Housing construction: new housing is added by exactly specifying
new dwellings in complete dwelling records which are added to the

stock on January lrst, and are directly available.

The Housing Market sub- model (Figure 3), which simulates the clearing
of the housing market (the match between housing demand and supply).
The input of the housing search module is stated preferences (what
households want) and the output is revealed preferences (what
households got). Household mobility is the outcome of successful
housing search. A probabilistic heuristic search model is used to
structure decisions. The model uses Decision Plan Nets (DPNs) in
conjunction with Monte Carlo techniques that parameterize the decision

rules. A decision plan is the structured representation of a household’s
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decision process, i.e. what the household does if the attribute of the
dwelling under consideration on a housing search dimension does not
comply with the household’s desire. LOCSIM captures the constant and
continuous allocation of dwellings to households searching the market,
by executing the housing market simulation in four cycles. Dwellings
vacated in one cycle are available to searchers in the next cycle.

o Selecting potential movers: all households whose structure or
housing circumstances have changed and all newly formed
households as well as the households they originate from are
selected. Finally, all other households are subjected to a move
probability to account for non-triggered mobility.

o Selecting vacancies for internal movers: for each dwelling, it is
determined if it is to be offered to internal or to external searchers.,
based on the housing market competition probability by dwelling
type.

o Selecting a searching household: within the model, households are
searching the market sequentially, within an order determined by
their priority in municipal housing allocation regulations. Within
each group of households with the same priority, households are
ordered randomly.

o Determining the search intensity: during a housing market cycle,
each household evaluates offers until one is accepted or the number
of rejects equals the search intensity (i.e. the maximum number of
offered dwellings to be inspected by a household in one housing
market cycle). The household’s search intensity is estimated on the
basis of its reason to move.

o Determining the acceptance interval: For existing households, the
lower boundary of the acceptance interval (i.e. the range of
acceptable dwellings) is the present housing situation of the searcher.

For starting households, the lower boundary is set to an arbitrarily
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defined minimum. The upper boundary is the aspired housing
situation. Within LOCSIM, dwellings are defined by seven
dimensions: price, number of rooms, type, neighbourhood quality,
relative location, quality and age of house. On each of these
dimensions an acceptance interval is estimated and in order to fall
within the total acceptance interval, a dwelling has to fall in the
seven partial intervals.

o Selecting a vacancy: the vacancy which is to be offered to the
searching household is selected randomly from all vacancies the
searching household is eligible for and that fall within the acceptance
interval. The number of possible vacancies offered to the searching
household (arrival rate of opportunities) is determined by municipal
housing allocation regulations, the number of vacancies available,
the competition of other households, and the acceptance interval of
the household.

o Determining the acceptance probability: dwellings nearer the lower
boundary of the acceptance interval have a lower probability of being
accepted (acceptance probability) than dwellings closer to the
aspirations. The acceptance probability is estimated for the selected
vacancy based on the Dutch Housing Demand Survey (WBO).

o Deciding to accept or reject: if the household decides to reject the
vacancy, it will be offered another dwelling, until either the
household accepts, or the number of rejected vacancies equals the
search intensity. Each rejected offer increases the acceptance
probability.

o Updating movers file and vacancy file: unsuccessful potential movers
as well as households from which a starter originated, wait for the
next housing market cycle to start. Searching households that move
or out-migrate, have their original dwelling vacated and are added to

the list of obtainable vacancies in the next cycle.
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o Returning unsuccessful starters: starters that fail to secure a
dwelling, return to the original household, and the occurrence of the
corresponding event as well as their intention to move, are cancelled.
All other unsuccessful potential movers remain in the original
dwelling and retain their move intention, placing them back on the

market at the beginning of the next interval.

The data flow diagram technique (discussed in Chapter 3) was used for the
graphical representation of LOCSIM during design. The model was
implemented in Pascal 7.0 (a simplified version of the model was

implemented due to data availability restrictions), calibrated and validated.

The model does not incorporate modules pertaining to educational and
employment careers. In addition, since a market clearing mechanism is used
by the model, the updating of housing prices (rent and market value) could

be done endogenously.

The model is not capable of storing information over time and thus the life
histories of the model’s entities i.e. individuals, households and dwellings,
may not be captured. Although the model incorporates the spatial dimension
of population, the implementation platform chosen does not facilitate the
spatial representation of model results at various levels of aggregation i.e. at

residential zone and building block levels.
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2.7 HUDS

The HUDS (Harvard Urban Development Simulation Model) model (Kain
and Apgar, 1985) simulates the processes of housing markets in large
metropolitan areas, where access to workplaces has an important influence
on the demand for housing. The model is designed for the Chicago
metropolitan area and has been used to assess the impacts of a series of

housing policy programs, such as neighbourhood improvement programs.

The model assumes that urban housing markets never achieve a long-run

equilibrium but instead are constantly adjusting to new target equilibrium.

The processes modelled by HUDS are simulated at the dwelling unit and
household levels. The database used contains a permanent record of each
dwelling unit in the Chicago sample. If a unit is occupied, the dwelling unit
record also includes attributes which provide a description of the

occupant(s).

Three distinct geographic specifications are employed: the residence zones
are aggregates of census tracts and are contained within residential districts
which are defined on the basis of neighbourhood quality; the residential

districts are further aggregated in order to specify workplace zones.

Dwelling units are classified as one of 50 housing bundle types, defined by
10 structure types and 5 levels of neighbourhood quality, each housing
bundle produces a quantity of structure services. They are also described in

terms of quantities of maintenance capital and structure capital.
The model consists of three main sub-models (Figure 4):

o The Demand Sector is simulated by eight sub-models that capture

changes in household demographics, employment, the migration
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preferences of households, new household formation and the demand for

specific housing bundles and tenure choices.

o The Demographic sub-model simulates the aging of the household
head, changes in household size and changes in household income
for each household. The age of the household head is incremented by
one at the beginning of each year. Changes in household size are
determined in a probabilistic manner given the household’s size and
the age of the household head. Changes in income are determined in
a probabilistic manner given the household’s previous income, as
well as the race and age of the household head.

o The Job-change sub-model uses exogenous estimates of changes in
the level and composition of employment in the 20 workplace zones
to determine if the primary worker in a household will remain at his
current job, find a new job, become unemployed or leave the labor
force entirely. When the primary worker is simulated to find a new
job, the sub-model determines the industry, occupation and
workplace zone of this new position.

o The Movers sub-model selects those households that will vacate their
dwelling in the current simulation period and participate in the
housing market. The selection is determined by conditional
probabilities given the age of the household head, tenure of the
household, change in employment and change in household size.
Households that are selected as movers are placed on a separate
demand list along with new households and in-migrants.

o The New household sub-model simulates the in-migration of
households to the region and adds new households to meet
exogenous projections of aggregate population characteristics. The
primary worker of each household is assigned to an industry,

occupation and workplace zone (job change sub-model).
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o The Demand sub-model assigns each household on the demand list to
one of the 50 housing bundle types. The assignment of specific
households to a particular housing bundle are determined
probabilistically given income, life cycle, race, as well as the
workplace location of the primary worker, the gross price of each
housing bundle and the number of available units in each housing
bundle.

o The Tenure sub-model determines probabilistically which movers
will own or rent their new dwelling given past tenure, household
income, the age and race of the household head and the type of
housing bundle previously consumed.

e The Supply Sector is simulated by five interrelated sub-models which
capture the decisions of landowners, homeowners and developers.
Housing services are viewed as a bundle of attributes, which include
neighborhood quality, accessibility, structure type and the quantity of
structure services provided. The model specifies an index of
neighborhood quality, which is a function of the average quantity of
structure services provided by the dwelling units within each residence
zone.

o The Expectations sub-model estimates the decisions to make highly
durable capital investments, which depend heavily upon how
investors envision the future. These decisions are modeled as a
function of projections of future rents. The model also estimates
aggregate levels of target demand.

o The New construction sub-model estimates the profit levels
associated with building each type of structure in each residence
zone, ranks these construction options based on the profitability
measures and then allocates the construction activities in the order of

decreasing profitability until the demand targets have been met.
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o The Structure conversion sub-model determines which of the already

existing structures will be replaced by the construction of new units.
Due to the fact that these type of changes are quite costly, they
represent the least common type of supply activity. The model
assumes that projects of this nature take a minimum of two years to
complete.

The Structure services sub-model simulates the decisions of property
owners with regard to capital outlays, which are used to maintain or
increase the level of structure services associated with each building.
It is assumed that a minimum level of maintenance capital is required
every time period in order to preserve the level of structure services
associated with a given building.

The Capital improvement sub-model simulates the decline in value of
all structures and the subsequent improvements made to them. The
model also determines the level of maintenance capital required to
produce the quantity of structure services calculated in the structure
services sub-model. Finally, the model simulates demolition and
abandonment decisions when, respectively, structure capital falls
below 50% of the quantity included in a new structure and when the
rental income of a unit no longer covers the necessary operating

costs.

In the Market Sector the demand and supply estimates calculated in the
previous models are brought together in order to assign each household
on the demand list to a residence zone. The model treats each of the 50
housing bundles as a discrete sub-market. It consists of three sub-
models.

o The Market sub-model uses the housing bundle assignments to

simulate spatial competition among households by solving a linear
programming problem which minimizes the total accessibility cost

for each workplace. Households are matched to dwellings in such a
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way that the total accessibility costs are minimized for each housing
sub-market.

o The Structure rent sub-model calculates current periods rents for
each housing bundle type in each residence zone and land values for
each residence zone.

o The Structure services rent sub-model determines the quantity of
structure services supplied by each structure during the current

simulation period and the market rents paid for them.

No graphical representation of the system’s design model exists and thus the
model defined, as well as the interaction among its sub-models, is not easily

discerned. The model was implemented, calibrated and validated.

The major weakness of the model is that it does not model the decision-
based demographic processes such as fertility, union formation and union
dissolution; Changes in household size are determined in a probabilistic

manner given the household’s size and the age of the household head.

Moreover, the model is not capable of storing information over time and
thus the life histories of the model’s entities i.e. individuals, households and
dwellings, may not be captured. Although the model incorporates the spatial
dimension of population, the system does not provide spatial representation
of model results at various levels of aggregation i.e. at residential zone and

building block levels.
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Figure 4: Sequence of major sub-models included in the HUDS model
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2.8 Fransson model

The microsimulation model defined by (Fransson, 1994; Fransson and
Makila, 1994) is time geographically dynamic and connects changes in the
macro world to individual behavior as well as individual preferences,

resources and decisions to the restrictions and opportunities in the market.

The model aims for a synthesis of what is already known about the different
processes in housing, based on empirical studies as well as theoretical
arguments. It can be used as a tool for experimenting with economic and
political changes towards different groups in society as well as for analyzing

the consequences of such changes.

The most important terms are population, household, housing and new
construction, the match between supply and demand as well as income and
housing expenses. The households match their demands with the supply of

the market (Figure 5).

Within the model, the area of interest is divided into statistical areas that
represent the geographical dimension in the model (each dwelling is linked
to a particular statistical area) and the actions of the individuals on the local

housing market of interest during a time period are modeled.

The behaviour of the individual is modelled by probability distributions and
by deterministic and stochastic rules. It is assumed that social actions,
together with demographic and economic events, only occur for each

individual once a year.
The model consists of a number of co-operating modules (Figure 6):

e Housing module: housing expenditure on the different types of tenure

are given exogenously (sample surveys) to each single dwelling in the
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model depending on period of construction and housing size. The

change in number and type of dwelling is given exogenously for each

year simulated. Each vacant dwelling is marked in a “pool” according to
the dimensions size and expenditure.

e Population (Demographic) module: demographic changes such as the
death or the birth of an individual as well as in-migration and out-
migration affect the demand for housing. Death, birth and out-migration
rates are represented by known probability distributions. The process of
in-migration is represented by exogenously given empirical data as in
known probability distributions and given numbers.

e Household module: consists of the processes that can alter the number of
members of a household.

o Nest leaving among the young: the opportunities of the young to
leave the parental home are, among other things, dependent on the
housing market supply and the resources available. Within the
model, the intention of young individuals to move is modeled
separately from the actual move.

o Divorce decisions: the separation process is divided in two. In the
first part all couples are considered to have an age specific risk of
separation, which may result to a decision to separate. In the second
part, the separation takes place, i.e. at least one of the partners finds a
new dwelling.

o Moving together: the process comprises four steps, that is, look for a
partner, find a partner, accept a partner, move in with this partner to
form a household. An individual can meet potential partners at work,
at the place of a friend or relative or at a more open place such as in
pubs or at dance locations. A man and a woman can live with their

parents but still be considered as a couple.
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Changing demands module: a household may look for new housing due
to social aspirations, to move in a more attractive neighborhood or
aging. Households on low housing expenditure rate are assumed to
request housing in more attractive areas for socio-economic upgrading.
Households, whose current dwelling expenses exceed the household’s
housing budget, request a less expensive dwelling.

Income and educational module: the income of the individuals is
changed according to educational level, part-time work, unemployment,
income career, pension and housing allowance. The educational level
constitutes the base for the income career realized, which is in turn
expressed as changes to the individual’s salary over time. Changes to the
income are affected by the general income development nationally.
Search and decision module: households use a hierarchical strategy.
First the household decides what housing area or part of the city is
preferable for new housing and then maps the vacant dwellings. The
requested dwelling has to fulfill certain criteria, which are matched
against the structure of vacancies on the local housing market at the time
of housing search. The household makes its decision based on only the
most important criteria and on a rather limited number of vacant
dwellings. The rule of domination is used to structure decision making
of the households, that is, the dwelling attributes are compared across all
the options, in that one attribute at a time is compared on all dwellings.
When the household finds a new dwelling, its current one is transferred
to the supply of vacant dwellings. As the structure of vacant dwellings
varies during a year, households are allowed to search several times

within the same year.

The model has been applied to the municipality of Ga vle, 200km. North

Stockholm, Sweden, for the time period of 15 years (1976-1990). Data on
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individuals and dwellings according to the National Census in 1975
constitute the initial population of the model. In addition, national data as
well as data for the municipality under study are used in the model. The
results of the model were compared to census data on an aggregated level

(calibration- validation).

No formally defined technique was used for the graphical representation of
the system’s design model, and thus several issues concerning the modeled
processes, as well as the interaction among the sub-models, are not easily

discerned.

Although the model incorporates the spatial dimension of population, the
system does not provide spatial representation of model results at various

levels of aggregation i.e. at residential zone and building block levels.

Finally, since a market clearing mechanism is used by the model, the
updating of housing prices (rent and market value) could be done

endogenously.

i

Population New construction
A y
More attractive E— . I . .
. v Household Dwellmg Housing costs
neighborhood ¢ )
y

A

Income Demolition

Figure 5: The main components deciding the moves of households in Fransson model
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Figure 6: Relations between the modules of the Fransson model.

2.9 SVERIGE

SVERIGE (System for Visualizing Economic and Regional influences in
Governing the Environment) (Vencatasawmy et al., 1999) is a dynamic
spatial microsimulation model for Sweden based on households. It
generates events for individuals through the interplay of deterministic
models of individual behavior and a Monte Carlo simulation. The behaviors
are functions of individual, household and regional socio-economic
characteristics usually included as independent variables in discrete choice
models or simply as categories used to estimate transition matrices that

describe the probability of moving from one state to another. The model is
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dynamic as the evolution and development of the individuals occurs in
chronological order, with initial conditions being changed for subsequent
periods by counters and simulation. In addition, the model is spatial, and
thus, not only makes life-cycle transitions depended on a spatial context but

also models individual spatial transitions such as internal migration.

The SVERIGE model is shown in Figure 7. Grey shading indicates that the
module is operational in SVERIGE v. 1.0. Therefore, the current version of
the model contains 10 modules. Each module consists of a series of discrete
or continuous variable equations, transition matrices, or rules that determine
the occurrence of specific events in a person’s life. When individual events
occur, personal attributes are updated. In this version of SVERIGE, all the

events occur at yearly intervals.

The modules of the model are:

e Mortality module. 1t is used to terminate lives in the model. There are
two sets of mortality equations. The first set is for individuals under the
age of 25 years and is estimated as an exponential time trend from
historical mortality rates grouped by age and sex. The second set is for
individuals between the ages of 25 and 127 years. These equations are
logistic with socio-economic attributes used as independent variables. If
a person is 127 years or older, his/her life is terminated. In addition to
removing individuals from the simulation, deaths directly trigger both
personal and household changes. For instance, when a death occurs, the
marital status of the surviving spouse changes from “married” or
“sambo” to “widow.” In addition, if the deceased is a single or parents
die, then the under-aged children (less than 15 years) are assigned to an
orphan queue and allocated to a family in the same labor market region
at the end of the year. Children older than 15 years old automatically

become a head of household and leave home. Attributes such as
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education level, employment status, and marital status influence an
individual’s probability of dying in any year.

o Fertility module. The primary role of the fertility module is to create
new lives for simulation in the microsimulation model. Upon birth, each
infant is assigned a sex based on a fixed probability of 0.5134 of being a
male. Only woman aged 15 to 44 years old are at risk of giving birth.
Equations are estimated for two groups: married and unmarried woman.
The group “unmarried” includes singles, sambos, widows, and
divorcees. All births produce a single baby. Fertility behaviors in
SVERIGE are influenced directly by individual and household attributes
such as employment, marital status, age, family earnings, and education.

e FEducation module. The model uses a series of logistic regression
equations to determine completion of Compulsory school, completion of
Gymnasium, entry to Komvux (an adult education program), persistence
through Komvux, entry to College, persistence through College, entry to
Graduate school and persistence through Graduate school.

o Employment and earnings module. The module estimates the amount of
time each individual between the ages of 16 and 65 is employed during
the year and his/her wage rate. It consists currently of four sub-modules.
Initially, a logistic regression equation determines the likelihood that a
given individual is employed at all during the year. For those who are
simulated as being employed, the next two sub-modules determine the
amount of weeks worked utilizing a logistic regression equation to
determine full-time workers and a transition matrix to determine the
number of weeks worked by part-time workers. The final module
estimates the average relative wage rate (the ratio of wage rate to
average wage rate) for each employed individual. Annual earnings are

computed as the product of weeks worked and wage rate.
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Cohabitation and marriage module. The marriage module creates
common-law marriage (sambo) for selected unmarried individuals over
the age fifteen and Christian marriage partners for sambo couples. The
module consists of three sub-modules. The first sub-module (sambo
decision) determines whether a person is eligible for sambo or not. The
second sub-module (cohabitation compatibility) computes an index of
compatibility for pairs of eligible singles based on their attributes and
matches pairs on the basis of the compatibility index using a heuristic
matching algorithm. Each woman is assigned an index based on her age,
education level and country of birth. The indexes are then sorted from
highest to lowest. A man is then drawn at random from the pool and an
index is computed using lookup tables. The two indexes are compared
and the nearest available woman is found. The final sub-module
(marriage decision) determines whether cohabiting individuals will get
married. In Sweden it is very uncommon for people who move together
to marry immediately soon after. Marriage usually happens after a long
period of cohabitation. Couples who marry directly make up less than
5% of the total couples moving together in a given year. Because of this
fact, only cohabiting couples are eligible to marry in the model.
Moreover, cohabitation triggers the movement of female partners to the
male partner’s home.

Leaving home module. The module determines whether a person will
leave the parental home to start a new household. Children are eligible
to leave home, beginning with the age of 16. If someone has still not left
home, then he or she is forced to do so at the age of 30.

Divorce module. The module dissolves sambo and marital relationships.
Seven groups are used: couples without children (age groups 15-20, 21-
30, 31-127), couples with children (age groups 15-20, 21-30, 31-127)

and couples in which one spouse immigrated in 1990 (age group 15-
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127), where the age group refers to age of the female spouse. Divorce
results in persons being assigned new marital statuses (from “married”
to “divorced” or from “sambo” to “single”’) and makes them eligible for
remarriage. Also, it triggers a number of other microsimulation events,
including movement of the former husband out of the marital dwelling,
re-allocation of children to each new household, and de-coupling of
household earnings. Currently, children are assigned to the female
partner.

In-migration module. Given an initial stock of immigrants, look-up
tables of historical probabilities are used to assign the age, sex and
marital status of the head of the household. Given these three
characteristics, a comparable individual from a pool of immigrants is
chosen to clone this new immigrant family. The economic and family
characteristics of this clone are thus assigned to the new immigrant
household head. The labor market region where the immigrant will settle
is then estimated using a transition matrix based on immigrant
settlement characteristics for the different immigrant groups. The family
is then placed into a queue of families looking for residential locations
(100 meter square land tracts). They are assigned a particular location in
the migration module.

Emigration module. The module determines who will leave Sweden as
emigrants. Statistics Sweden defines an emigrant as anyone who intends
to settle abroad for at least one year. Four groups were used, based on
this empirical analysis: everyone between the ages of 16 and 21 years;
single individuals between the ages of 22 and 58 years; couples for
which the head is of age between 22 and 58 years, and everyone of age
greater than 59 years. The unit of observation in the third group was the
head of household. In the remaining groups the unit of observation was

an individual.
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Internal migration module. This migration module tracks the movement
of households and individuals to an accuracy of 100 meters. Movement
can be either inter-regional or intra-regional. Sweden can be divided
into 108 labor market regions where commuting between labor markets
is minimized while commuting within labor market region is
maximized. A move is called intra-regional when it happens within a
labor market and is called inter-regional when it happens between labor
markets. In this version emphasis has been given to inter-regional
migration. Intra-migration is modeled by heuristic rules. The inter-
regional migration decision is divided into three stages: Decision to
move, choosing a labor market, and choosing a 100-metre square. In
discriminating between movers and non-movers in stage one, both
personal and regional attributes are used. In the second stage only
regional attributes are used and in the third stage an attraction measure
based on personal characteristics is used. In intra-regional migration, the

first two steps are ignored.

A diagram technique was used for the graphical representation of SVERIGE

during design. The model was implemented.

The major weakness of the model is that it does not model dwelling search:

it is included in future work. Moreover, the model does not incorporate the

housing supply of the housing market under examination.
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Figure 7: The SVERIGE model

2.10 UPDATE

A demographic microsimulation model (Clarke, 1995) used to revise the
attributes of a population of individuals and households over time at the
small area level. The purpose of the model is to provide demographic

profiles in non-census years so that planners can properly allocate resources.

The model uses a synthetically generated population of individual and
households. The population of each postal sector is processed sequentially
through a series of demographic processes. Each postal sector is treated as
an isolated system receiving in-migrants and releasing out-migrants. The
number of in-migrants is dependent upon events within the specific postal
sector only, and is not contingent upon any events that occur outside of the
given region. The solution procedure used by the model involves /ist

processing and Monte Carlo sampling.
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The following processes are simulated:

Mortality, which is conditional upon age and sex. Mortality probabilities
are estimated based on national death rates.

Maternity. Maternity probability is estimated by exposing women to the
risk of giving birth in each year. Births are determined by sampling from
a probability distribution of the number of births per maternity. They are
concentrated at one birth per maternity, but also take into account the
chance of multiple births (e.g. twins). New born infants are assigned a
sex based on local probabilities of a male or female. Births depend upon
age and sex, but also upon marital status and ethnicity.
Marriage/divorce. The marriage process involves the matching of two
individuals with appropriate characteristics. The model creates two
pools of individuals (male and female pools) which are sampled from all
of the individuals deemed to be eligible for marriage. The probability of
entering one of these pools is dependent upon age, sex and marital
status. These two lists are then aggregated into appropriate age groups
and an allocation procedure is carried out. The probability of divorce is
defined as a simple function of age and sex of the household head. In the
event of a divorce, it is assumed that the husband initiates a search for
new housing and both former partners become eligible for remarriage.
Migration. Three types of migration processes are addressed: migration
of wholly moving households, migration of independently moving
individuals and the probability of intra- or inter- regional move.
Migration probabilities for households in the base year, classified by
household type and age of household head, are estimated for the district
containing the postal sector of interest. These estimates are adjusted to
reflect mobility patterns in the postal sector of interest, changes in
mobility between the base and current years, and the chance of being

forced to move due to demolition. For households that do not move as
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an entire unit, each eligible individual is exposed to the risk of moving
as an individual or as part of a subset of household members. Thus, the
model creates a pool of moving entire and part households that will
search for vacancies on the housing market. Movers are allocated a
destination inside or outside of their origin postal sector by sampling the
appropriate probabilities of staying or leaving. Next, they are matched
with a vacant dwelling in the zone of destination based on a probabilistic

matching of housing characteristics to housing needs.

The major weakness of the model is that it does not model the housing
supply of the housing market under examination; no housing supply module

is included in the system.

2.11 HOUSIM
A dynamic microsimulation model (Clarke et al., 1989), that explores the
processes of asset accumulation, mobility and subsidy effects in the owner-

occupied sector of the British housing system.

A detailed database of households incorporates a large number of
demographic, economic and housing attributes specified from the 1976
English House Condition Survey (EHCS) such as tenure, age, sex and
marital status of household head, and house purchase price. The model
updates or simulates changes in these attributes on an annual basis for the

ten year period between 1976 and 1986.
HOUSIM makes use of list processing, whereby each household in the

database is tested for a series of potential events and any changes are

updated accordingly. Transitions, such as residential mobility, are
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determined via Monte Carlo sampling, which employs the use of transition

probabilities stored in a series of look-up tables.

The model consists of a number of steps that are repeated for each year of

the simulation:

Annual Update of Housing and Socio-Economic Attributes. For each
year in the simulation period, the following attributes are updated: the
age of the household head is incremented by one at the beginning of
each year; the income of the household head is assumed to increase by
average regional rate of wage inflation across all occupations; the value
of any given house; the amount of annual mortgage repayments; the
amount of the mortgage outstanding; the accumulation of assets and
capital; the tax relief that owner-occupiers with a mortgage are entitled
on the associated interest payments; the household capital gains
exemption.

Mobility Sub-model: simulates the movement of households between
dwelling units and tenures. The model distinguishes between two types
of households: those that are already in owner-occupation and those in
“other” tenure categories. Households already in owner-occupation are
assigned probabilities of remaining owners, while households that are
not owners are assigned probabilities of becoming owner-occupiers. For
households simulated to move, the following mechanism is used to
determine the characteristics of the new dwelling: first, the house price
is calculated for households that are already owner-occupiers and for
first time buyers; next, the mortgage amount is calculated; finally, the

term of the mortgage is determined.

The major weakness of the model is that it does not model the decision-

based demographic processes such as fertility, union formation and union
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dissolution. Therefore, residential mobility is determined via Monte Carlo
sampling, which employs the use of transition probabilities stored in a series
of look-up tables. Moreover, the model does not incorporate the housing

supply of the housing market under examination.

2.12 ILUTE residential mobility model

A prototype microsimulation model (Miller ef al., 1987) of urban residential
mobility defined as part of the Integrated Land Use, Transportation,
Environment (ILUTE) modeling system (Miller ef al., 2004).

It is a typical time-driven stochastic simulation model, which simulates the
evolution over time of the spatial distributions of households, building
stock, and place of residence — place of employment linkages. The model
views urban systems as being inherently in a dynamic state of incremental
adjustment to a range of internal and external forces, rather than on any

explicit concept of equilibrium.

The model has been defined for application to the Toronto Census
Metropolitan Area (CMA). The study area has been divided into 133 zones

which are combinations of census tracts.

Within the model, residential mobility is viewed as resulting from a
divergence (residential stress) between a household’s residential needs and
wants and the satisfaction of these needs and wants which the household
receives from its current residence. If this residential stress is great enough
and if the housing market appears to provide opportunities for relieving this
stress, then the household is likely to enter the housing market in search of a
new residence, and, if successful in this search, actually move to a new

location.
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Household residential needs and wants are assumed to depend upon
household demographic characteristics, household participation in the labor
force, characteristics of the household’s current dwelling unit, as well as
perceived characteristics of alternative dwelling units, and characteristics of
the household’s current neighborhoods, as well as perceived characteristics

of alternative neighborhoods.

The basic time increment used in the model is one year. The initial system
state for the model is defined by the 1971 Census. Within the basic time
increment of the year, residential mobility decisions are modeled on a

monthly basis.

The model’s database consists of a number of two- and three- dimensional
matrices which collectively define the system state at each point in time.
Two types of data are maintained: distributional information i.e. matrices
that define spatial distributions of persons, workers, households and
“linkages” between them, and activity rates i.e. matrices that define
marriage, mortality etc rates. Individual households are synthesized as
required from these aggregate distributions. A household is specified by its
household type, zone of residence, dwelling unit type, current dwelling unit
market price, the number of persons and workers in the household, the
occupation and place of employment of each worker, and the household
income. Every demographic and employment-related change generated in a
given time period in the model requires the synthesis of “the” household

associated with this change.
The model consists of four major components: life cycle (demographic)

changes, labor market (employment) changes, housing stock updates, and

residential search and migration.
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o Life cycle components. The following demographic processes are likely
to influence residential mobility in a significant way:

o Marriage: the number of marriages to occur in a population of
eligible persons (i.e. single, divorced, widowed) can be determined
as a Binomial process given the average marriage rates. Information
associated with each marriage is synthesized and updated, and the
corresponding households are added to the “potential movers” file
for later evaluation by the residential mobility sub-model.

o Births: they are obtained by sampling from a Binomial distribution
given fertility rates by age group. Information associated with each
birth is synthesized and updated, and the corresponding household is
added to the “potential movers” file.

o Household dissolution: they are generated by sampling from a
Binomial distribution given the number of households in each
household type and the probability by household type of an
individual household dissolving. Information associated with each
household dissolution is synthesized and updated, and the resulting
households (“leavers” and “stayers”) are added to the “potential
movers” file.

o Deaths: a random number of deaths is generated from a Binomial
distribution given mortality rates and population groups by sex and
age. Information associated with each death (household, worker,
dwelling etc) is synthesized and updated.

o Aging: age categories correspond to each year of life with only
exception the last category “75 years of age or older”.

o In-migration: the total number of in-migrants to the study area each
year is an exogenous input to the model.

o OQut-migration: the current version of the model does not generate

any out-migration of households from the study area.
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Labor market components. Employment changes within a household
have the potential to influence residential mobility. Changes in the
market demand for workers are currently determined by exogenous
inputs into the model. Labor force reactions to such changes are
endogenously generated.

o Job changes: exogenous layoffs generate additional unemployed

workers each year by place of work and occupation group. Fired
workers are estimated according to rates by occupation group. Some
employed workers will change jobs in a given year, where the
number of such job transitions is randomly generated based on
average transition rates by occupation group. Each worker changing
jobs is permitted a choice of a new occupation group from among
feasible alternatives given the current occupation, weighted by the
number of vacancies. The new place of work is then selected. The
household to which each transitioning, layed off or fired worker
belongs, is then stored in the “potential movers” file.

Entry and exit: the number of workers entering or leaving the labor
force each year can be explicitly estimated using census labor force
participation rates by sex and age. Households experiencing these
changes are stored in the “potential movers” file. New workers,
currently unemployed workers and new in-migrants compete for the

job vacancies available within each occupation group.

Housing stock components. Important “actors” in the housing market
include “developers”, “builders”, “landlords” etc whose decisions
determine the levels of new building stock construction, as well as the
extent of old building stock conversions, renovations and demolitions
occurring in each time period. The current version of the model,
however does not include any endogenous component of the supply side

of the housing market. Rather, changes in the supply side of the housing
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market are introduced into the model as exogenous inputs during any
month within the year being simulated.

o Residential search and migration. The residential mobility sub-model is
based on the concept of continuous search, i.e. every household in the
urban area is always active in the housing market in that it is constantly
accumulating at least some information about the housing market. Each
household accumulates information at its own level of activity, called
search intensity. A household is said to be “actively” searching when
this search intensity is high and “passively” searching when it is low.
When the “Anticipated Residential Utility” (ARU) of the hypothetical
alternative residence exceeds the “Present Residential Utility” (PRU) of
the currently occupied residence by a sufficient amount, then it is
assumed that the household will transition sharply from passive search
to active search. The cusp catastrophe surface of the catastrophe theory
is used to model continuous residential search. All households not
already in the “potential movers” file which fall into the active search
range are added to the file. Each household in the file is processed
sequentially. For each household an initial search area is defined. Next,
ARU and PRU are estimated and the catastrophe model is then used to
ascertain the search intensity. Households with active search intensity
are the only ones retained in the file as active searchers. During the
current month, an active searcher will consider either five or ten new
vacancies, which are selected at random from the set of vacancies
available within the household’s search area constrained by the
household’s financial capabilities. For all those vacancies offering more
residential utility than the current dwelling, a bid is formulated. The best
alternative to bid on is the one that maximizes the sum of residential
utility and the utility associated with all other goods which could be
purchased if this bid was successful. During the market clearing process,

records are selected at random from the file of bidding households for
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the current month. If a bid is accepted by the seller, then the household
is successful in its residential search. In this case the household is
removed from the “potential movers” file and the corresponding

information is updated.

The major weakness of the model is that it has not yet been implemented

and tested with real data.

2.13 ILUMASS land-use model

A model defined as part of ILUMASS (Integrated Land-Use Modelling and
Transportation System Simulation) The land-use model of ILUMASS will
be based on the land-use parts of an existing urban simulation model, but is
to be microscopic like the transport parts of ILUMASS. The model works
with synthetic micro data which can be retrieved from generally accessible

public data.

The model consists of the following modules:

e Household Formation. The module models the evolution of household
attributes associating each household with a particular life (Figure 8). In
the household formation module the following household events are
modeled simultaneously for households and household members: birth,
ageing, death;, new  household, dissolution of household;
marriage/divorce, cohabitation/separation, separation of child, person
joins household; new job, retirement, unemployment; change of income.
Even though household formation events in reality are the outcome of
more or less rational decisions, most of them will not be modeled as
decisions but simply as the result of the passage of time, i.e. as
transitions. Typical transitions are changes of the state of a household

with respect to age or size conditional on the relevant probabilities for
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events such as ageing/death, birth of child, relative joins or leaves
household. Also clearly choice-based events such as marriage or divorce
are modeled as transitions because the causal chain behind them is not
represented in the model. Some events result in the dissolution of
households or the creation of new households. Other events, such as a
new job or un-employment are triggered by external events such as
hiring or firing in the labor market represented in another part of the
model not described here. Change of income is a consequence of
employment-related events. Beyond these straightforward relationships
there is wide scope in the model for introducing more complex
interdependencies between household and economic events. For
instance, the rise of dual-worker households may be in part a life style
choice and in part a necessity dictated by rising housing costs and
stagnant real incomes. Children may delay new household formation or
marriage. Childbearing may be postponed based on some combination
of life style preferences and response to housing cost and income
expectations. The role of labor market expectations in shaping these
choices is an area of considerable policy implication.

Housing Choice. The module models location and housing choice
decisions of households who move into the region (in-migration), move
out of the region (out-migration), move into a dwelling for the first time
(starter households), or have a dwelling and move into another dwelling
(moves). Dwellings are affected by ageing and by decisions on new
construction, upgrading and demolition modeled in other modules not
described in this context. The housing choice model is a Monte Carlo
microsimulation of transactions in the housing market. A market
transaction is any successfully completed operation by which a
household moves into or out of a dwelling or both. There are two types
of actors in the housing market (Figure 9): households looking for a

dwelling ('dwelling wanted') and landlords looking for tenants or buyers
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('dwelling for rent or sale'). The household looking for a dwelling
behaves as a satisfier, i.e. it accepts a dwelling if this will improve its
housing situation by a considerable margin. Otherwise, it enters another
search phase, but after a number of unsuccessful attempts it abandons
the idea of a move. The amount of improvement necessary to make a
household move is assumed to depend on its prior search experience, i.e.
to go up with each successful and down with each unsuccessful search.
In other words, households adapt their aspiration levels to supply
conditions on the market. The attractiveness of a dwelling for a
household is a weighted aggregate of the attractiveness of its location,
its quality and its rent or price in relation to the household's housing
budget. The attractiveness of the location and the quality of the dwelling
are themselves multiattribute encompassing relevant attributes of the

neighbourhood and of the dwelling.

The major weakness of the model is that it has not yet been implemented

and tested with real data.
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Figure 8: Microsimulatiion of household formation — ILUMASS
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Figure 9: Microsimulatiion of household choice - ILUMASS

2.14 Summary of the models

This section provides an overview of the implemented models examined in
this chapter. The models are compared with respect to the most important
elements of residential mobility microsimulation models mentioned in

section 2.5 aiming to point out their differences and similarities.
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Elements to LOCSIM Fransson model SVERIGE UPDATE HOUSIM
capture:
Database Individuals Households Individuals Individuals Individuals Households
entities Households Dwellings Households Households Households

Dwellings Dwellings
Space & Time | Only SPACE Only SPACE YES YES YES YES
dimensions
Occurrence of | Monte Carlo Probabilistic manner Probability Monte Carlo List processing Monte Carlo
events sampling and distributions, sampling and Monte Carlo | sampling

decision rules

deterministic &
stochastic rules

sampling

Sequencing of
events

Random order of
events

Fixed order of events

Events occur for
each individual
only once a year

Fixed order of
events

List processing

List processing

Event modules

Demographic

Mortality
Fertility

Nest Leaving
Divorce &
Dehabitation
Marriage of
cohabitors
Marriage &
cohabitation
Income change
Non-triggered
mobility
In-migration
Out-migration

Aging of the household
head

Changes in household
size

Changes in household
income

Changes in primary
worker’s job
In-migration

Death

Birth

Nest Leaving
Divorce

Moving together
Changing
demands
Income &
education change
In-migration
Out-migration

Mortality
Fertility
Leaving home
Divorce
Cohabitation
and Marriage
Employment
and Earnings
Education
Immigration
Emigration

Mortality
Maternity
Divorce
Marriage
In-migration
Out-migration

Aging of the
household head
Changes in
household income
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Elements to LOCSIM Fransson model SVERIGE UPDATE HOUSIM
capture:
Housing Demolishment Demolishment Housing NO NO NO
Supply Splitting Structure conversion expenditure
Combining Tenure change All other changes
Tenure change Renovation in the housing
Renovation Rent & Market value supply are given
Rent & Market value | update exogenous
update New housing
New housing construction
construction
Dimensions of | Price Residential zone Cost NO Residential zone | Cost
housing search | Number of rooms Minimal total Size Tenure
Type accessibility cost for Attractiveness of Mortgage amount
Neighborhood quality | each workplace the area Term of the
Relative location Tenure mortgage
Quality Location
Age of house
Housing A probabilistic Linear programming Rule of NO A probabilistic New dwelling
Search Method | heuristic search algorithm. domination is used matching of characteristics:
model - Households are to structure housing 1) house price for
Decision Plan Nets matched to dwellings decision making of characteristics to | already owner-
(DPNs) in in such a way that the the households housing needs. occupiers and for
conjunction with total accessibility costs first time buyers 2)
Monte Carlo are minimized for each mortgage amount
techniques housing sub-market. 3) term of the
mortgage
Calibration YES YES YES - - YES
Validation YES YES YES - - YES
Definition Year | 1995-1997 1985 1994 1999 1995 1989

Table 1: Summary of implemented microsimulation models
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Table 1 shows that although models do not take into consideration all
elements and parameters of residential mobility, LOCSIM and Fransson
models have the most complete definition and development. While both
models seem to model all demographic changes, LOCSIM does not take
into consideration the work & education related changes of individuals and
the Fransson model leaves out several desirable dimensions of housing
search. Additionally, the Franson model incorporates both the space and
time dimensions whereas LOCSIM incorporates only the space dimension.
On the other hand, LOCSIM is the most well documented model since the
data flow diagram technique was used for the graphical representation of the

model during design.

It should be mentioned that, although all models incorporate the spatial
dimension of population, none of them provides spatial representation of
model results at various levels of aggregation i.e. at residential zone and
building block levels. The importance of the systematic handling of space in
residential mobility model is evident. The lack of spatial representation is
due to limitations imposed by the implementation platform chosen for each

model.

Moreover, none of the models uses a formally defined technique for
specifying, visualizing, and documenting the models during the phases of
system development life cycle. The lack of using such a technique leads to
models that are not comprehensible to all actors involved in the
development of such a system and particularly in the system’s end users i.e.
the policy makers and consequently can not be easily extended with

additional functionality by another development team.

Therefore, it is evident that there is the need to define a model that

encompasses all elements of residential mobility. In addition it is important
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to use powerful computer science tools to develop and implement the
model. These tools should allow designers and developers to develop a
residential mobility system incrementally, that is, to be able to successively
encompass new elements of residential mobility (new modules/sub-systems)
without having to make major changes to the system already implemented.
The Unified Modeling Language (UML) is such a tool, it will be used within

this work and is presented in the following chapter.

2.15 Summary

In this chapter, the research conducted on residential mobility process was
discussed and existing residential mobility microsimulation models were
presented. Initially, the factors thought to influence residential mobility
were discussed as well as the most significant results that have been
accumulated over the last forty years. Then, the different strategies
employed in the modeling of the residential mobility process were
presented. Next, the microsimulation technique was presented and its
strengths were pointed out. Then, the key concepts of a residential mobility
microsimulation model were defined. Next, the LOCSIM, HUDS, Fransson
model, SVERIGE, ILUMASS land-use model, UPDATE, HOUSIM and
ILUTE residential mobility model were examined, and their main strengths
and weaknesses were pointed out. Finally, an overview of the models
presented was given and the contribution of this work in the field of

residential mobility systems was outlined.
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Chapter 3

Background Literature

in System Development Methods

3.1 Introduction

In this chapter, powerful computer science tools i.e. models, methods and
processes are discussed which allow the effective conceptual and graphical
representation of a system under development such as a residential mobility
system. Section 3.2 presents the kinds of software system development
methods where the predominance of object-oriented technology is pointed
out. Section 3.3 presents the elements of object-oriented methods. Section
3.4 presents the Unified Modeling Language (UML), which is defined by
the Object Management Group (OMG), as the standard object-oriented
modeling language and the use of UML in microsimulation model
development is illustrated, through an example: applying UML to the
existing model LOCSIM. Section 3.5 defines the spatial, temporal and
spatiotemporal concepts of systems. Sections 3.6 to 3.8 discuss two existing
Spatio-Temporal modeling languages based on UML called Extended
SpatioTemporal UML and SpatioTemporal PVL for UML as well as the
ArcInfo Geodatabase Model, and their main strengths and weaknesses are
pointed out. Moreover, in section 3.9 an overview of the modeling
languages presented is given and the choices made within the context of this
work are justified. Finally, section 3.10 defines ST-UML process, that is, a
set of activities that guides the development of a system, by applying the

UML modeling techniques extended with spatiotemporal constructs.

71



Chapter 3 Background Literature in System Development Methods

3.2 System development methods

The field of computer science has defined several methodologies for the
development of software systems. Most of them may be categorized as
being one of two kinds: function/data and object-oriented. Some of these
methods have been used in the development of demographic and urban

microsimulation systems.

Until recently, the development of such systems was based on a
function/data analysis and design method, that is, the data flow diagram
technique, in conjunction with a procedural programming language, such as
FORTRAN and C. These methods enable the modeling of a system as a
collection of functions that communicate through the exchange of data.
However, there was a growing dissatisfaction with this approach due to the
fact that these methods they do not seem to handle well the needs of
complex systems, and are thus not well-suited for microsimulation

applications [Miller97].

As a result, in recent years, a growing number of demographic and urban
microsimulation systems are being developed within another framework
called object-oriented. Object-oriented methods represent some of the most
promising ways of meeting the demands of the most advanced applications
[Miller97]. The main building block of an object-oriented system is the
object (entity). Every object has identity (it can be named or otherwise
distinguished from other objects), state (some data that define characteristics
associated with it), and behavior (actions that affect the object’s state and its
relationships with other objects). Object-oriented analysis and design
methods enable the modeling of a system as a collection of objects from the

vocabulary of the problem domain.
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The use of object-oriented technology offers several advantages over the

function/data methods; however, seven of these can be considered the most

important. These seven benefits include:

One-to-one mapping of objects in the simulated world, to objects in the
real world. This means that application objects can be manipulated in a
way that is similar to the manipulation of real-world objects. This alone
reduces the inherent complexity of the problem and increases the
understandability of the system under development.

Modularity: an object-oriented system may be decomposed into a set of
individual components (modules) that are cohesive (strong connectivity
among the elements of a single module) and loosely coupled (weak
connectivity between the modules). The use of modularity is essential
for managing the complexity of microsimulation applications. Several
modules may be developed simultaneously and each module may be
developed independently of the other ones.

Objects, modules and even entire designs of a system under
development may be reused in the development of other systems,
leading to productivity improvements.

The produced systems are more resilient to change, resulting in
maintenance and cost benefits. A change will not affect the whole
system; rather only one or more system modules will be affected (one or
more objects).

System development may be done in an iferative and incremental way.
The system is developed and released gradually, and each release
incorporates more functionality than the previous one, aiming to
ultimately meet the requirements of the end user.

The use of an object-oriented analysis and design method for the
development of an information system, improves the collaboration

between the different groups that participate in system development,
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resulting in higher quality products. By matching real-world objects
with system objects, analysts/ programmers can focus on understanding
the problem rather than programming the solution. It is easier for end-
users as well as for researchers/ analysts who do not possess computer
programming skills, to understand the system under development, since
object-oriented analysis and design is performed in the language of the
problem domain and, therefore, does not contain implementation (code)
details.

Exploits the expressive power of object-oriented programming

languages, resulting in productivity and code quality improvements.

3.3 The elements of object-oriented methods

Since the late 1980s object-oriented analysis and design methods have been

highly popular and numerous methods have been developed (a comparison

of 23 methods is given in (Monarchi and Puhr, 1992)). Most of them

facilitate the development of a software system by providing the following

mechanisms (Booch, 1994):

Notation: the graphical representation of the method’s concepts and
semantics (model elements); the visual language used for the
representation of the models of a system under development.

Process: the activities that lead to the orderly construction of the
system's model.

Tools: the artifacts that facilitate model building and enforce rules on the

models so that errors and inconsistencies of the model may be revealed.

The primary elements of an analysis and design method are the concepts

underlying the method’s notation, the modeling techniques for the graphical
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representation of the system under development, and the process the method

provides (Hong et al., 1993).

The framework of an object-oriented analysis and design method consists of

the following concepts (Booch, 1994; Rumbaugh et al., 1991; Svinterikou,
1998):

Object. An object represents an entity that exists in time and space. An
object has state, behavior and identity. The state and behavior of similar
objects are defined in their common class. The state of an object
encompasses all the properties of the object and their current values. The
behavior is how an object acts and reacts, in terms of state changes and
message passing. The identity of an object is the property that
distinguishes it from all other objects. The terms object and instance are
interchangeable.

Class. A class is a set of objects that share a common structure and a
common behavior.

Encapsulation. Encapsulation is the process of compartmentalizing the
state and behavior of a class. It serves to separate the interface of a class
and its implementation. The inferface of a class provides its outside
view, that is, the operations and state variables of its objects. The
implementation of a class comprises the representation of the operations
defined in the interface of the class.

Association. Association denotes a semantic relationship between
classes, and consequently, a conceptual connection between instances of
the classes participating in the association. The multiplicity of an
association specifies how many objects of one class may relate to a
single object of an associated class.

Aggregation. Aggregation is a strong form of association. It is a “part-

whole” relationship in which objects representing the parts of something
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are associated with an object representing the whole (also called the
aggregate).

e [nheritance. Inheritance is a relationship among classes wherein one
class (subclass) shares the structure and/or behavior defined in one
(single inheritance) or more (multiple inheritance) classes (superclass).
Therefore, inheritance defines an ‘IS A’ relationship between classes
where a subclass inherits all the behavior and properties of one or more
superclasses. Typically, a subclass may define additional information
and may refine the information it inherits to specialize it. An inheritance
relationship is also called a generalization relationship.

e  Modularity. Modularity is the decomposition of a system into a set of
individual components (modules) that are cohesive (strong connectivity
among the elements of a single module) and loosely coupled (weak
connectivity between modules). Especially in large systems, the use of

modularity is essential for managing complexity.

The modeling techniques a method provides have a profound influence
upon how a problem may be attacked and how a corresponding solution
may be shaped (Booch et al., 1999). According to (Booch, 1994), it is
impossible to capture all the details of a complex system in just one view of
a model. That is why most methods provide more than one modeling
technique for the graphical representation of the system under development.
These techniques allow the modeling of a system from different viewpoints,

each capturing important aspects of the system.

The process of a method guides the modeler during the construction of the
system model. It consists of the following properties:
o A set of steps recommended by the method that cover (usually part of)

the system development lifecycle. In particular, the process of a method
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defines the sequence of these steps, the required inputs and outputs, and
the interaction between these steps.

Methodological guidelines and rules that assist the modeler in following
the process steps in the most effective way. They may refer to the
identification of the various elements of the system under development,
to the modeling of these elements, to the transformation of a model from
a higher level of abstraction to a lower one (e.g. implementing a design

model using a particular implementation platform).

According to (The Object Agency Inc., 1995), in addition to these primary

process properties, the following properties are considered to be desirable

features of a process:

Domain analysis is the examination of existing related systems in order
to identify the classes and objects common to all applications within a
given domain (Booch, 1994). A method should consider domain
analysis as part of its process activities.

Traceability is the ability to trace objects in one model to objects in
another model (Jacobson et al., 1992). A process should provide
guidelines to ensure traceability through the development life cycle.
Reuse of software development artifacts such as classes, designs and

code. A process should provide guidelines that facilitate artifact reuse.

Most methods provide processes that may be used in an iterative and

incremental approach of development, that is, the software is developed and

released gradually, and each release incorporates more functionality than the

previous one, aiming to ultimately meet the requirements of the end user.

Until recently, the methods scene was split and competitive (Fowler and

Scott, 1997): each method had its own group of practitioners, and although
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all of these methods were quite similar, basic concepts would appear in very

different notations, causing confusion to the users of the methods. The need

of a standard object-oriented modeling language emerged. In 1997 the

Object Management Group (OMG) adopted the Unified Modeling

Language (UML) as the standard object-oriented modeling language which

is discussed in the next section..

3.4 Unified Modeling Language (UML)

The Unified Modeling Language (UML) is a language for specifying,

constructing, visualizing, and documenting the artifacts of a software-

intensive system. The main characteristics of UML are:

It represents a collection of "best engineering practices" that have
proven successful in the modeling of large and complex systems. UML
fuses the concepts of the Booch, OMT and OOSE methods.

It consists of a set of semantics and notation that addresses a wide
variety of domains, life cycle stages and implementation technologies.
Additionally, it provides a set of extension mechanisms that allows the
core concepts of UML to be tailored according to the needs of specific
applications and domains.

Moreover, UML focuses on a standard modeling language, not a
standard process. It offers a set of concepts and a set of graphical
notations for representing these concepts, which is process independent.
As a result, UML may be used in conjunction with the processes defined
in Booch, OMT, OOSE and many other methods.

Finally, UML is formally defined through a metamodel expressed in
UML.
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UML defines a set of modeling techniques that provide multiple

perspectives of the system under development.

1.

Use case diagrams show the behavior of the system under development
without specifying its internal structure. It uses actors that are the roles
played by users with respect to the system, and use cases where each
one represents part of the system behavior that is performed during the
interaction of an actor with the system.

Class diagrams show the static structure of the system, that is, the
existence of classes, their attributes, operations, relationships with other
classes, and the conmstraints that apply to classes and their properties.
Classes and the relationships among them may be grouped into
packages.

Object diagrams show the static structure of the systems just as do class
diagrams, but from the perspective of real or prototypical cases. It uses
objects and their relationships to show the static snapshots of instances
of the information captured in class diagrams.

Sequence diagrams show groups of objects (example objects) and the
messages exchanged among these objects. Typically, an interaction
diagram traces the execution of a single use case. It emphasizes the
sequence of the message exchange that takes place within a use case.
Collaboration diagrams capture the behavior of use cases in the same
context as sequence diagrams. A collaboration diagram represents a
Collaboration, which is a set of objects related in a particular context
and an Interaction, which is a set of messages exchanged among the
objects within the collaboration. In contrast to sequence diagrams,
collaboration diagrams emphasize static connections between objects.
Statechart diagrams show all the possible stafes in which a particular
object may be, the events that cause the transition from one state to

another, and the actions that result from a state change.
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7. Activity diagrams are a special case of statechart diagrams, in which the

9.

states (action states) are activities representing the execution of
operations, and tranmsitions are triggered by the completion of the
operation executions. Additionally, an activity diagram uses decisions to
indicate different potential transitions of an action state depending on
some constraints.

Component diagrams show the structure of the code itself, that is, the
dependencies among software components, including source code and
executable components. A component diagram uses components to
represent physical modules of code.

Deployment diagrams show the physical relationships among software
and hardware components in the delivered system. A deployment
diagram consists of components, nodes that represent pieces of
hardware, and connections and dependencies to show the

communication paths among nodes and components respectively.

The graphical notation of the elements used in UML diagrams is presented

in Appendix A.

In addition, UML defines three built-in extension mechanisms that are

common to all diagrams previously described, and apply consistently

throughout the language. These mechanisms include tagged values,

constraints and stereotypes, and are defined to meet the needs of

applications that require additional features and/or notations beyond those

defined in UML.

1. A tagged value is an extension of the properties of a UML element,
allowing the creation of new information in that element’s specification.

2. A constraint is an extension of the semantics of a UML eclement,
allowing the addition of new rules or the modification of existing ones.

3. A stereotype is an extension of the vocabulary of the UML, allowing the

creation of new kinds of building block similar to existing ones but
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specific to the problem domain. In other words, a stereotype may
introduce additional properties (tagged values), additional constraints
and a new graphical representation into the UML element to which it is
attached. An example of a stereotype predefined in UML is the
<<utility>> stereotype, which may be attached to the class element. A
utility stereotyped class is a kind of class, which is used to group the
attributes and/or operations that may be accessed by more than one
class. Utility classes do not have objects; the class itself serves as the
sole instance. Figure 10 shows the graphical representation of the

MathFunction utility class.

<<utility>>
MathFunction

sin(angle):float
cos(angle):float
sqrt(float):float

Figure 10: Utility class

In order to illustrate the use of UML in microsimulation model
development, UML is applied at the conceptual phase of an existing model
called LOCSIM (Oskamp, 1995; Oskamp, 1997). LOCSIM as discussed in
Chapter 2 is a microsimulation model that captures the developments in
demographic structures and housing markets, as well as the interrelation
between them. It was developed using conventional analysis and design
methods, and operates at local levels and for short periods of time within a

time horizon of three to five years.
The model consists of three main sub-models: demographic, housing

supply, and housing market. Within the model, the individual, household

and dwelling entities (classes) are of interest. Figure 11 shows these classes,
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their attributes and the relationships among them, using the class diagram

UML modeling technique. In LOCSIM:

e Individual class keeps information concerning the sex, education, job,
income and marital status of each individual. An individual may be
either a household head (HEAD=1) or a household member (HEAD=0).
A household head is associated with zero or more household members.

e Household class keeps information concerning the size and total income
of the each household. A household has one household head and zero or
more household members. A household lives in a dwelling.

e Dwelling class keeps information concerning each dwelling such as its
type, number of rooms, location and ownership. A dwelling may be

occupied by one household or be unoccupied.
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Monte Carlo sampling is used to determine the occurrence of different
events,  which include:  mortality,  fertility, nest leaving,
divorce/dehabitation, marriage/cohabitation, and mobility. Individuals are
sequentially exposed to the risk of experiencing these events. The
occurrence of different events may change the demographic structure of a
household, which may in turn increase a household’s desire to move.
LOCSIM keeps track of the household desire to move, which may lead to
different types of mobility: residential migration, out-migration or in-
migration. Within LOCSIM, mobility is either the direct result of household
formation and dissolution, or is based on age-specific mobility rates. As a
household experiences a demographic change, it is assigned a move “tag” to
indicate that the given household is searching for a new residence (TAG
attribute of Household class). A tag can be a preferred move tag or an
implied move tag. All households do not have an equally strong desire to
find a new residence. For example, a household wanting to move to a new
dwelling because of the birth of a child, will have less of a desire to move
compared to a divorcing couple. This difference is captured by introducing
search intensity (SEARCHINT of Household class). Figure 12 shows the use
case view of LOCSIM, that is, the model’s desired behavior. In LOCSIM
demographic events are modeled as distinct use cases. These use cases
incorporate some common behavior, which is the effectuation of the desired

move, modeled as a distinct use case called Moving Behavior.
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N\ <<include>>

<<include>>

Nest Leaving <<include>>
Union Dissolution

<<include>>

Moving
Behaviour

<<include>>

Cohabitation

<<include>>
to
Marriage

In-migration
Union
Formation

Figure 12: LOCSIM use case diagram

LOCSIM use cases are further elaborated through scenarios. In addition,

each use case scenario is further elaborated through sequence diagrams.

Each sequence diagram shows the objects that participate in a use case

scenario and their behavior within the use case. In this example, two

LOCSIM use case are further elaborated: Fertility and Nest Leaving.

Fertility use case scenario

e All women aged 18 to 45 are subjected to a probability of giving birth.

e [fachildis born, a new individual is created and added to the population

list. Using Monte Carlo sampling, the sex of the child is determined.

e The birth leads to an increase in household size.

e The household is tagged with a preferred move tag.

Figure 13 shows the Fertility sequence diagram.
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Figure 13: Fertility sequence diagram

Nest Leaving use case scenario

All individuals of age 18 and above, who are living with their parents,
are subjected to a nest leaving probability.

The original household decreases in size and is therefore tagged with a
preferred move tag.

The individual simulated to leave its parents, forms a new single-
member household, tagged with an implied move.

A dwelling search takes place, which is modeled in Moving Behavior
use case.

If the individual’s house search is unsuccessful, the individual returns to
the original household and the new household no longer exists. The
original household no longer has a preferred move tag.

If the individual’s house search is successful the move actually takes

place, and the new household no longer has an implied move tag.
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Figure 14 and Figure 15 show the Nest Leaving sequence diagrams.

I1:Individual

AGE>18
MARSTAT=1
COHAB=0
HEAD=0

remove_member()
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I
I
I
I
I
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L,

I1:Individual

HEAD=1

P

—

<<create>>

setValue(TAG,
"Implied")

addHead()

H2:Household

setValue(TAG,
| "Tmplied")

Figure 14: Nest Leaving sequence diagram I
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Figure 15: Nest Leaving sequence diagram II
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Further elaboration of LOCSIM class diagram and sequence diagrams lead
to diagrams whose mapping to code in an object-oriented language is quite

straightforward either for a programmer, or for a forward engineering tool.

3.5 The concepts of spatiotemporal methods

The ability to capture and analyze population changes over time and to
incorporate the spatial dimension of population is of great importance to a
residential mobility model, as outlined in Chapter 2. That is why, the
methods used to develop a residential mobility system should be able to

capture spatial, temporal and spatiotemporal concepts.

3.5.1 Spatial concepts

The key concepts of a system incorporating spatial information are (Pfoser
and Tryfona, 1998; Tryfona et al., 1997; Tryfona and Jensen, 1999; Price et
al., 1999b):
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Space. A set of elements called points; finite sets of points (i.e. subsets

of space, which can be point, lines or regions) are called geometric

figures. Space may be defined as a set of any kind of elements, even

non-numeric ones. However, the Euclidean space, which is based on a

coordinate system allowing standardized metric measurements, is used

in current spatial applications.

Space Views. There are two competing views of Euclidean space (Price

et al., 1999b):

o Object View: discrete, identifiable objects associated with spatial and
thematic properties.

o Field View: a framework of spatial locations across a field where
thematic data is measured (e.g. temperature or different values of soil
type across an area).

Model of Space.

o The continuous model that views space as isomorphic to real
numbers.

o The discrete model that views space as isomorphic to the integer
numbers.

Space Dimensions. Spatial dimensionality is the number of axes or
coordinates considered. Both the dimensions of the underlying space
and the information being modeled within that space should be
considered, e.g. 1D points and 2D polygons in 3D space.

Spatial Information.

o Spatial Objects. Real-world objects have a position in space. An
object whose position in space (spatial extent) is of interest within an
information system, is called a spatial object (e.g. the position of a
dwelling is of interest within a residential mobility system). Position
is fully and non-redundantly defined by four components: shape,

size, location (centroid) and orientation (Tryfona and Jensen, 1999).
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©)

3.5.2

Spatial Attributes. Spatial objects may have attributes whose value is
a spatial extent (e.g. the soil type of a land parcel or the walk distance
zone of a dwelling).

Spatial Relationships. Spatial objects may be related to each other in
space via spatial relationships. Spatial relationships among objects
are in fact relations on the objects’ positions. There are three kinds of
spatial relationships (Tryfona and Jensen, 1999): fopological (e.g.
INSIDE, OUTSIDE), directional (e.g. NORTH OF) and metric (e.g.
5KM AWAY FROM).

Temporal concepts

The key issues involved in the analysis and design of a system incorporating

temporal information are (Theodoulidis and Loucopoulos, 1991):

e Model of time: In temporal databases three basic time models have been

proposed (Snodgrass, R., (ed), 1995):

o

o

The continuous model that views time as isomorphic to real numbers.
The dense model that views time as isomorphic to the rational
numbers.

The discrete model that views time as isomorphic to the integer

numbers.

In all three models, a point on the underlying time axis is called a time

point2 ; the time between two time points, that is, a duration of time with

a starting and ending point, is called a time period’; an unanchored

duration of time is called an interval.

o Time linearity: Time axis may be considered as linear, periodic or

branching. In the linear model time advances from the past to the

present and then to the future in a totally ordered form. The periodic

* In the consensus glossary it is called instant [Jen94].

3 In the consensus glossary it is called interval [Jen94].
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model allows the modeling of requirements, which refer to the
periodicity of time units such as weeks, months etc., and of user-defined
periods such as weekends, work-weeks etc (Theodoulidis and
Loucopoulos, 1991). In the branching model time is linear from the past
up to the present, where 3it branches into several time lines each one
representing a potential sequence of events.

e Time boundaries: Conceptually, time may extend from the infinite past
to the infinite future. However, in many temporal systems time is
bounded at both ends, as unbounded time requires variable sized data
structures for its storage (Snodgrass, R., (ed), 1995).

o Time reference: Time is called absolute if it does not depend either on
the current time or on other times, and it is called relative if it references
some other time. An example of absolute time is ‘October 10, 1972’ and
an example of relative time is ‘last Christmas’.

e Calendars and granularities. A calendar provides a human
interpretation of time (Jensen et al., 1994). As such, calendars determine
the mapping between human-meaningful time values and an underlying
time-line. The calendar supported by most temporal systems is the
Gregorian calendar, defined in (Jensen et al., 1994). Calendars define
granularities: granularity is a partition of the time axis into a finite
number of discrete segments. The default granularities of the Gregorian
calendar are the year, month, day, hour, minute and second. Different
temporal applications require different levels of granularity. Therefore, a
temporal model should enable the user to choose the appropriate
granularity for his/her application.

o Object identification across time: In systems that incorporate temporal
information, object identification takes on an added dimension as it is
necessary to recognize that an object currently under examination is in

fact the same as some other object already known to the database
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(Theodoulidis and Loucopoulos, 1991). Thus, a time-invariant identifier
is needed, whose purpose is to ensure that a single real-world object is
represented only once in the system, together with all of its time-varying
properties.

e Time dimensions: Three time dimensions are of general interest: user-
defined time, valid time and transaction time (Jensen ef al., 1994).

o User-defined time is an uninterpreted attribute domain of date and
time. It is parallel to domains such as “money” and integer, and it
may be used for attributes such as “birth day” and “hiring date”.

o The valid time of a fact is the time when the fact is true in the
modelled reality. A fact may have associated any number of time
points and time periods, with single time points and periods being
important special cases. Valid times are usually supplied by the user.

o The transaction time of a fact is when the fact is current in the
database and may be retrieved. Transaction times are consistent with
the serialization order of the transactions. Transaction-time values
cannot be later than the current transaction time. In addition, as it is
impossible to change the past, transaction times cannot be changed.
Transaction times are system-generated and supplied.

A system that supports both valid and transaction time is termed

bitemporal.

o Timestamping: A timestamp is a time value associated with some
information. The timestamp may be of valid time, transaction time or
both. A timestamp may be represented by a time point, a period etc.
expressed in a particular granularity (timestamp granularity). The
granularity of the timestamp denotes the precision to which the
timestamp can be represented (Kakoudakis, 1996). Two approaches
have been proposed for timestamping: property timestamping and object

timestamping. In property timestamping, a timestamp may be associated
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with each time-varying attribute of an object, while in object
timestamping, a timestamp may be only associated with the whole

object.

3.5.3 Spatiotemporal concepts

The spatial and temporal concepts described in the previous sections are

combined to produce the following spatiotemporal concepts (Price et al.,

1999b, Price et al., 2000):

Objects (Classes)

o Spatial object (class): the object's position in space, i.e. spatial

extent, is of interest.

Temporal object (class): the object associated with one or more
timestamps, representing the object’s valid and/or transaction time.
Spatiotemporal object (class): an object associated with a spatial
extent and one or more timestamps representing the object’s valid
and/or transaction time.

Temporally dependent spatial object (class): an object with a spatial
extent associated with one or more timestamps, representing the
spatial extent’s valid and/or transaction time.

Temporally dependent spatiotemporal object (class): an object
associated with one or more timestamps, representing the object’s
valid and/or transaction time and a spatial extent associated with one
or more timestamps, representing the spatial extent’s valid and/or

transaction time.

Attributes
o Spatial attribute: the attribute value is a spatial extent.

o Spatially dependent thematic attribute: the attribute has a set of

thematic values, each associated with a spatial extent representing
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the location where that attribute value is valid, i.e. the attribute
values may change over space and their changed values are retained.

o Temporally dependent thematic attribute: the attribute has a set of
thematic values, each associated with one or more timestamps (the
value’s valid and/or transaction time), i.e. the attribute values may
change over time and their changed values are retained.

o Temporally dependent spatial attribute: a spatial attribute whose
value is associated with one or more timestamps representing the
spatial extent’s valid and/or transaction time.

o Spatiotemporally dependent thematic attribute: a spatially dependent
thematic attribute that has a set of thematic values, each associated
with a spatial extent and one or more timestamps.

e Associations

o Spatially dependent association: each link of the association is
associated with a spatial extent representing the location where the
link is valid, i.e. the link may change over space and its changes are
retained.

o Temporally dependent association: the association has a set of links,
each associated with one or more timestamps (the value’s valid
and/or transaction time), i.e. the links may change over time and their
changes are retained.

o Spatiotemporally dependent association: the association has a set of
links, each associated with a spatial extent and one or more

timestamps.

The spatial, temporal and spatiotemporal concepts presented in this and the
preceding sub-sections are not incorporated in the set of the UML core
elements (Price et al., 2000). However, UML provides a set of extension
mechanisms to allow core concepts to be tailored according to the needs of

spatiotemporal applications. Two object-oriented modeling languages have
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been proposed as extensions of UML with spatial, temporal and
spatiotemporal semantics and notation. In addition, an object-oriented
modeling language has been proposed by ESRI as an extension of UML
with spatial semantics and notation. These modeling languages are

presented in the following sections.

3.6 Extended SpatioTemporal UML

The Extended SpatioTemporal UML (ESTUML) (Price et al., 2000; Price et

al., 1999a; Price et al., 1999b; Price et al., 1999c¢), is a general conceptual

data modeling language suitable for specification and analysis of
spatiotemporal database applications. The main characteristics of ESTUML
are:

e [t is an extension of UML, a modeling language with a high level of
acceptance, understandability and the flexibility needed for extensions.

e [t is a generic language that can support a range of spatiotemporal data
models and types, and can be mapped to different implementation
systems.

e ESTUML’s semantic modeling constructs and their corresponding
notation are formally defined through functional specification.

e The latest version of ESTUML does not use the UML extension
mechanisms; rather, the constructs defined to extend UML with
spatiotemporal semantics, go beyond the extension mechanisms
available in UML. Tt will be difficult to incorporate these extensions,
since most UML tools allow the extension of their modeling constructs

only though UML extension mechanisms.

Within Extended SpatioTemporal UML, UML is extended with the addition

of five new symbols named Spatial, Temporal, Thematic, Group and
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Existence-Dependent, and a Specification Box describing the detailed

semantics of the spatiotemporal data represented by the new symbol.

The spatial symbol represents a spatial extend, which consists of an
arbitrary set of points, lines, regions or volumes. The spatial extent may
be associated with thematic or composite data, or may be used to define
an attribute domain.

The temporal symbol represents a temporal extent, or timestamp, which
may be associated with thematic, spatial or composite data. Timestamps
may represent existence time for objects, valid time for associations and
attributes, and transaction time for objects, associations, and attributes.
The thematic symbol represents thematic data. It can only be used at the
attribute level and only in conjunction with one of the other two symbols
to describe an attribute with temporal or spatial properties. A thematic
attribute domain with no spatial or temporal properties uses standard
UML notation.

The group symbol is used to group attributes with common
spatiotemporal properties or inter-attribute constraints. It is used to
graphically illustrate associated sets of attributes and avoids the
possibility of redundantly specifying the same spatial extents or
timestamps for attributes.

The existence-dependent symbol is used to describe attributes and
associations dependent on object existence, i.e. they are defined only
when the related object(s) exist.

Each object, association, attribute or attribute group may be associated
with a Specification Box to provide details of its spatiotemporal
semantics. A specification box includes information on the time units
(e.g. instant, interval), dimensions (e.g. valid, transaction), model (e.g.
linear, periodic) and interpolation (e.g. discrete, step), and space

dimensions (0D, 1D or 2D), model (object or field based) and
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interpolation. Specification Boxes of a single class (or association class)
are collected in an extra specification compartment and added to the

class.

The first three constructs (spatial, temporal and thematic) can be applied at

different levels of the UML class diagram and in different combinations to

add spatiotemporal semantics to a UML model element.

At the attribute (and attribute group) level, spatially, temporally, and
spatiotemporally dependent thematic attributes, spatial attributes, and
temporally dependent spatial attributes may be modeled.

At the object class level, spatial, temporal and spatiotemporal objects
(classes), and temporally dependent spatial and spatiotemporal objects
(classes) may be modeled.

At the association level, spatially, temporally and spatiotemporally

dependent associations may be modeled.

A simple example is used to illustrate the STUML notation. It concerns

information about household employment and is shown in Figure 16. In this

example:

A household class has an income, a family size, a household head age
and it is denoted whether it is a new household or not. Its objects'
existence time is of interest.

Changes of the income and family size attributes' values over time
should be stored in the database.

A job position class has a position (spatial extent) that may change over
time. Its objects' existence time is of interest. The class has the
IndustryType, Occupation and WorkplaceZone attributes.
WorkplaceZone is a spatial attribute, whose values may change over

time (spatiotemporal attribute).
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e The Primary Worker has association between Household and Job

Position classes may change over time.

Household v

Hheadage: integer
G

ED
income :

famililysize:
Th: int

newhousehold : boolean

Primary Worker has

Job_Position @ v

Opereations

Specifications
| Specification Box Household:
TimeDimen := existence
| TimeUnit := interval

| Specification Box Houshold Group:
| TimeDimen := valid
| TimeUnit := interval

TimeModel := i 1
L e

| Specification Box Primary Worker Has:
| TimeDimen = valid, transaction
| TimeUnit[ valid ] := interval

|_TimeUnit[ transaction ] := interval

%k

v

%k

Occupation

WorkplaceZone

Opereations

IndustryType

Specifications
| Specification Box Job_Position:
| SpaceModel := (0,2): object

| TimeDimen := existence, valid
| TimeUnit[ existence ] := element

| Specification Box WorkplaceZone:
| SpaceModel := (2,2): object
| TimeDimen := valid

Figure 16: An example in Extended SpatioTemporal UML (ESTUML)

The major weakness of the modelling language is that there has not been

developed yet a visual modelling tool that supports ESTUML. Since

ESTUML does

not use the UML extension mechanisms to define

spatiotemporal concepts, it cannot be defined through the UML metamodel

and the Object Constraint Language (OCL). Consequently, tool developers

will have difficulty in incorporating these spatiotemporal extensions in their

UML tools.

3.7 SpatioTemporal PVL for UML
The SpatioTemporal PVL for UML (ST-PVL for UML) (Bedard, 1999;
Brodeur et al., 2000; Bedard and Proulx, 2000) is a visual modeling
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language suitable for spatiotemporal database modeling. It involves two

aspects:

1.

The Spatiotemporal Plug-in for Visual Languages (ST-PVL). It is a
generic set of spatiotemporal concepts that allows the effective modeling
of spatiotemporal information and may be applied to create a
spatiotemporal extension for any visual modeling language. The main
characteristics of ST-PVL are:

a. It allows for independence of the solution from any visual modeling
language while remaining pluggable into the users’ favorite
language and tool.

b. It targets the level of abstraction of conceptual database modeling
(i.e. an analysis level closer to the client’s view than usual) to
facilitate analysis/conceptual spatial and temporal modeling without
bothering with implementation issues.

The Unified Modeling Language (UML). It is the visual modeling
language into which the ST-PVL is integrated. Within UML, the ST-
PVL concepts are defined as a set of spatial and temporal stereotypes

that apply to the Class diagram.

A visual modeling tool, named Perceptory, is developed to support ST-PVL

for UML. It allows users to create conceptual spatial and spatiotemporal

object class models, document these objects using an object class and

project dictionary, automatically produce various reports on the content of

the dictionary, and generate the skeleton programming code for different

implementation platforms (e.g. Oracle8i, MapInfo). In addition, Perceptory

is based on a repository especially developed for spatial and spatiotemporal

databases. Finally, it is developed on a stencil supported by the Visio

software (v. 5.0 or 2000) and conforms to the international spatial database

standards ISO TC-211 and OGC.
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ST-PVL for UML is formally defined through the Perceptory’s geospatial
data repository metamodel. The metamodel uses UML object class
metamodel elements, and integrates ISO TC-211 and OGC necessary

elements.

ST-PVL for UML uses five basic constructs named point (0-dimensional
geometry), line (1-dimensional geometry), area (2-dimensional geometry),
punctual time (0-dimensional temporality), and durable time (1-dimensional
temporality). The fist three constructs can be combined in four different
ways (simple, alternative, complex, multiple) with cardinalities in order to
properly represent spatial properties of objects (classes), attributes and
associations.

o Simple geometry. The geometry of an object may be a point, line, or area
(non-decomposable geometry).

o Complex geometry. It is a spatial definition with more than one spatial
components that, when taken together, constitute the geometry of an
object (e.g. a park delineated by an aggregate of areas). It can be
constructed from 0D, 1D or 2D primitives exclusively, or combinations
of them.

o  Multiple geometry. 1t is a spatial definition comprised of more than one
simple, complex and/or alternate spatial components. All components of
multiple geometry shall be instantiated and all have specific meanings
(e.g. a city object may be represented by an area and a point denoting its
downtown location).

o Alternate geometry. It is a spatial definition comprised of more than one
simple, complex and/or multiple spatial components. However, only one
geometry shall be instantiated at a time (e.g. a river will be shown as a
line if its width is less that 10 meters, otherwise it will be shown as an

area).
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Punctual time and durable constructs can be combined in four different
ways (simple, alternative, complex, multiple) with cardinalities in order to
properly represent temporal properties of objects (classes), attributes and
associations. These combinations of temporality constructs have the same
semantics with the ones defined for geometric constructs. Moreover, they
may be applied to spatial attributes, spatial associations and the geometry of
objects (classes) to define the spatial evolution of attributes, associations
and classes respectively over time. Details of the spatial, temporal and

spatiotemporal semantics are defined in a formal dictionary.

The household employment example presented in the preceding section is

used to illustrate the ST-PVL for UML notation and is shown in Figure 17.

Household 6 h O 6

Job_Position

Hheadage: integer Primary

income:integer e Worker has Industry Type

familysize: integer 6 * % Occupation

newhousehold: boolean WorkplaceZone
operations operations

®

Primary Worker has

Figure 17: An Example in SpatioTemporal PVL for UML

3.8 The ArcInfo UML Geodatabase Model

ESRI ArcGIS defines a new object-oriented data model called Arclnfo
geodatabase model which brings the modelling and implementation of
geographic features closer to their actual real-world counterparts (ESRI,

2001). Therefore, one may create a geodatabase (geographic database) by
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defining parcels, dwellings, neighbourhoods as well as a number of
characteristics for each, such as fields, validation rules, relationships and

subtypes.

The geodatabase data model supports, as standard, a rich collection of
objects (rows in a database table) and features (objects with geometry). The
model supports advanced feature types such as geometric and logical
networks, true curves, complex polylines, and user-defined features. Vector

features can have two, three, or four dimensions (X, y, z and m).

In addition, one can define topological and associative relationships and
rules that define how feature classes interact. A relationship is an
association between two objects. These objects can be non spatial (objects)
or spatial (feature). Besides identifying the associated objects relationships

can have additional properties.

Moreover, the model supports the definition of sybtypes and domains to

ensure the attribute integrity of the database:

o  Subtypes allow the developer to define categories for features, which
allow him/her to distinguish objects base on different behaviours,
attributes and access privileges. For example, if telephone poles only
have three locations (highways, arterial roads, secondary roads), the user
subtypes can be set for each pole location so that during data entry, users
can easily associate the proper attribute.

e Domains control the allowable set of values that an attributes may have.
There are two types of attributes domains:

o Coded Values specify listings of acceptable values. For example, the
type of telephone poles could be coded as 1 (Wood), 2 (Steel) or 3
(Cable).
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o Range specifies acceptable starting and ending numeric values. For

example, telephone pole heights could be between 20 and 50 feet.

The Computer-Aided Software Engineering (CASE) tools such as Microsoft
Visio, allow developers to create design models of the geodatabase
structures using UML. The ArcInfo UML Model diagram is a set of Visio
Drawing templates defined by ESRI and contains the object model required
for modeling a geodatabase using UML in Microsoft Visio. It consists of
five packages (Figure 18): 1) Logical View, 2) ESRI Classes, 3) Workspace,
4) ESRI Interfaces and 5) ESRI Network, which act as directories where
different parts of the entire model are maintained. The Logical Package is
the root level and contains the other packages. Database designers and
developers can use the Workspace package to create their designs. The
ESRI Classes package contains classes (e.g. Object and Feature) that extend
UML concepts to represent components that incorporate a spatial dimension
and access spatial data sources, including geodatabases. Classes defined by
the designer will inherit from these classes. The remaining packages are not
used in database design. In addition, the ArcInfo UML Model diagram
defines a set of constraints and validation rules that should apply to UML

constructs (e.g. many —to-many relationships are not allowed).
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Figure 18: ArcInfo UML Model diagram packages
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Once the model is created, it may be exported to the Microsoft Repository
by Microsoft Visio. Then, the Schema Wizard in ArcCatalog (ArcGIS) may

be used to create the database schema.

3.9 Summary of the modeling languages

This section provides an overview of the modeling languages examined in

this chapter. The modeling languages are compared with respect to the most

important elements of spatio-temporal methods mentioned in section 3.5

aiming to point out their differences and similarities.

Elements to Extended SpatioTemporal Arclnfo
capture: SpatioTemporal PVL for UML Geodatabase Model
UML
Space YES YES YES
Space Views Object - Field Object - Field Object
Model of Space Continuous —
discrete
Space Dimensions 1D,2D,3D 1D,2D,3D and 1D,2D,3D
various combinations
of them
Spatial Information | Spatial Objects Spatial Objects Spatial Objects
Spatial Attributes Spatial Attributes
Spatial Relationships Spatial Relationships
Model of time Continuous, Dense, NO
Discrete
Time linearity Linear, periodic,
branching
Time boundaries ANY ANY
Time reference Absolute, relative
Calendars and Gregorian Gregorian
granularities
Object YES YES

identification across
time
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Elements to Extended SpatioTemporal Arclnfo
capture: SpatioTemporal PVL for UML Geodatabase Model
UML
Time dimensions User-defined User-defined
Valid time Valid time
Transaction time
Timestamping Property Property
timestamping timestamping
Spatiotemporal
Information
Attributes Spatially, temporally, | Spatial, temporal and
and spatiotemporally | spatiotemporal
dependent thematic attributes
attributes
Spatial attributes
Temporally
dependent spatial
attributes
Classes (Objects) | Spatial, temporal and | Spatial, temporal and | Spatial objects
spatiotemporal spatiotemporal (classes)
objects (classes) objects (classes)
Temporally
dependent spatial and
spatiotemporal
objects (classes)
Associations Spatially, temporally | Spatial, temporal and
and spatiotemporally | spatiotemporal
dependent associations
associations
Phases of system Analysis Analysis Design
development Design Implementation
Implementation
Uses UML NO YES YES
extension
mechanisms
Tool available NO YES YES

Table 2: Summary of spatio-temporal modeling languages

When compared to ESTUML, it should be noted that although ST-PVL for

UML is a conceptual visual modeling language, it is a step further in the

analysis process. Also, it should be noted that ST-PVL for UML supports a
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limited set of temporal and consequently, spatiotemporal concepts (e.g.
transaction time is not supported). On the other hand, having a tool that
supports the modeling language and goes from analysis though design to
implementation is an important strength of ST-PVL for UML. Finally, an
important weakness of ESTUML is that no visual modeling tool exists, to

support it.

The ArcInfo UML Geodatabase Model on the other hand, is a spatial model
that may be used during design in case the implementation platform chosen
is ArcInfo. Unfortunately, the model as well as the implementation platform
does not support the time dimension; time modeling and implementation is

left to the developer of the system.

The importance of spatial representation in residential mobility systems
necessitates the use of a powerful GIS platform such as ArcInfo. In addition,
ArcInfo exploits UML, a powerful analysis and design tool by incorporating
the ArcInfo UML Geodatabase Model. Therefore, within the context of this
work ArcInfo will be used for the implementation of URM-Microsim and
therefore, the ArcInfo UML Geodatabase Model will be used during design.
However, a conceptually rich model that supports time is required during

analysis and the Extended SpatioTemporal UML (ESTUML) is chosen.

3.10 The STUML Process

Since neither ESTUML nor Arclnfo UML Geodatabase Model defines a
process, one should be provided to guide the modeler during the
construction of the system model. The process that will be used is called

SpatioTemporal UML (STUML)).
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The STUML process is a set of activities that leads to the orderly

construction of the system under development by applying the UML

modeling techniques extended with spatiotemporal constructs. It is based on
the TUML process (Svinterikou, 1998). The TUML process develops the

Booch process (Booch, 1994) to address temporal concerns by:

e Modifying the Booch process to incorporate UML modeling techniques.
In particular, the TUML process further modifies the Booch process to
exploit the use of the use case diagram technique and to provide support
for requirements capture. As the rest of the UML modeling techniques
are mainly derived from the ones provided by the Booch method, they
fit well in the steps and guidelines of the Booch process.

e Extending the Booch process with steps and guidelines that facilitate the
capture of the temporal semantics of information.

The STUML process further develops the TUML process (Svinterikou,

1998) to address spatial and spatiotemporal concerns by extending the

TUML process with steps and guidelines that facilitate the capture of the

spatial and spatiotemporal semantics of information.

The STUML process is architecture-centric, iterative and incremental. In
addition, it is use-case driven, that is, the whole development process is
controlled by use cases and consequently by the user requirements. The
process allows creativity and innovation within a controlled development
process by distinguishing the micro and macro elements of the development
process. The micro process serves as the framework for an iterative and
incremental approach to development while the macro process serves as the

controlling framework for the micro process.

During the macro process a set of activities takes place that leads to a

number of products and allows the development team to identify risks and
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make early corrections to the micro process. It represents the activities of
the development team during the entire development life cycle. As Figure
19 shows, the high-level activities that comprise the macro process are:

o Conceptualization: establish the core requirements for the software.

e Analysis: develop a model of the system’s desired behavior.

e Design: create an architecture for the implementation.

e FEvolution: evolve the implementation though successive refinement.

e Maintenance: manage post-delivery evolution.

Analysis

[Conceptualisation

Design j

Maintenance ]'\‘[ Evolution

Figure 19: The Macro development process

The macro process repeats itself after major product releases. This

particularly applies to the development of families of products.

The micro process is driven by the set of use cases and product releases that
result from, and are successively refined by, the macro process. It mainly
represents the daily activities of the individual developer or a small team of

developers.
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In the micro process the traditional phases of analysis and design are

intentionally blurred. As Figure 20 shows, the activities that comprise the

micro process are:

Identify the classes and objects at a given level of abstraction.

Identify the semantics of these classes and objects.

Identify the relationships among these classes and objects.

Identify the spatial semantics of these classes, objects and relationships.
Identify the temporal semantics of these classes, objects and
relationships.

Specify the interface and then the implementation of these classes and

Identify classes and
objects

Specify class and object

objects.

interfaces and Identify class and object
implementation semantics
Identify class, object and Identify class and object
relationship temporal relationships
semantics

Identify class, object and
relationship spatial
semantics

Figure 20: The Micro development process

The whole STUML process is presented in detail in Appendix B.
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3.11 Summary

In this chapter, powerful computer science tools were discussed. Initially,
the kinds of software system development methods were presented where
the predominance of object-oriented technology was pointed out. Next, the
elements of object-oriented methods were presented. Then, the Unified
Modeling Language (UML) was presented, which is defined by the Object
Management Group (OMG), as the standard object-oriented modeling
language and the use of UML in microsimulation model development was
illustrated, through an example: applying UML to the existing model
LOCSIM. Next, the spatial, temporal and spatiotemporal concepts of
systems were defined. In addition, two existing Spatio-Temporal modeling
languages based on UML were discussed called Extended SpatioTemporal
UML and SpatioTemporal PVL for UML, as well as the Arclnfo
Geodatabase Model, and their main strengths and weaknesses were pointed
out. Moreover, an overview of the modeling languages presented was given
and the choices made within the context of this work were justified. Finally,
ST-UML process was defined, that is, a set of activities that guides the
development of a system, by applying the UML modeling techniques

extended with spatiotemporal constructs.
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Chapter 4
System Analysis

4.1 Introduction

In this chapter, the analysis model of URM-Microsim, i.e. the Housing
Market System to be developed within the context of this thesis is presented.
The analysis model captures the requirements of the system to be developed
and does not contain any implementation details in order to be usable by all
members of a development team (users, analysts, programmers). For the
graphical representation of the analysis model, UML with spatio-temporal
extensions is used in conjunction with the Microsoft Visio 2000 UML
CASE tool. Sections 4.2 to 4.5 present the behavior of the system to be
developed (what the system does) that is, the URM-Microsim Model as well
as its components, namely, the Housing Demand, Housing Supply and
Residential Search and Migration sub-models. Finally, section 4.6 presents
the URM-Microsim Database, namely, the entities that are of interest as well

as their characteristics and the relationships with each other.

4.2 The URM-Microsim Model
The URM-Microsim Model is a dynamic, spatio-temporal microsimulation
model that captures the developments in demographic structures and

housing markets, as well as the interrelation between them.
The model consists of three sub-models (packages): Housing Demand,

Housing Supply, and Residential Search and Migration (Figure 21). The

Housing demand sub-model simulates the occurrence of demographic
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events that influence the household decision to move such as death, fertility,
marriage, and income change and therefore determines the number of
households that will search for a new house. The housing supply sub-model
on the other hand, simulates the changes in housing stock and thus
determines the number of houses that are available to households. Finally,
the Residential Search and Migration sub-model simulates the clearing of
the housing market, that is, which households actually find a new dwelling.
The outcome of the Residential Search and Migration sub-model affects the

way housing demand and supply are modified.

Housing Market System

[ 1 [ 1

Housing Demand Housing Supply

2\

Residential Search and Migration

Figure 21: The URM-Microsim analysis model

4.3 The Housing Demand sub-model

Housing demand depends on several factors, such as changes in household
structure caused by demographic events (e.g. mortality, fertility,
marriage/divorce etc), migration (in- or out- migration), changes in income

and employment of the urban population, and changes in demand for
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specific housing services (e.g. accessibility to employment location,
structure type, neighborhood quality). As individuals and households pass
through different life stages (fertility, marriage, occupation, education), their
housing preferences change, triggering mobility (Oskamp, 1997). For
example, a change of job (occupational life stage) could lead to an increase
in income, which makes an upward move in the housing market possible. If
the new job is not within acceptable commuting distance, it could also imply
that a move must be made. All households do not have an equally strong
desire to find a new dwelling; the search intensity with which a household
searches for a new dwelling depends on the event that triggers the desire to
move. For example, a divorcee is urged to find a new dwelling, while a
household with a new child searches the housing market with low search
intensity. Three types of move by destination are distinguished: households
moving within the boundaries of the housing market (residential mobility),
households moving from the housing market to another one (out-migration),
and households moving into the housing market from the rest of the world
(in-migration). Figure 22 shows the use case diagram corresponding to the
Housing Demand sub-model. The sub-model affects Individuals as well as
Households. In addition, it models three types of events: Demographic
change, Income change and Demand change events. The use-cases

scenarios that define these events in detail are presented in Appendix C.
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Top Package::Household

Top Package::Individual

Housing Market System::Housing Demand Sub-Model

Demand change

Union Formation
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«extends»

FlatMate Leave

«uses»

«extends»

FlatMate Formation
Job Change

Income change )‘
' «extends»

Figure 22: The Housing Demand analysis sub-model

4.3.1 Demographic change events

Each individual is subjected to the probability of experiencing one of the

death, fertility, union formation, union dissolution, flat-mate formation, flat-

mate leaving, nest leaving events and out-migration, based on the

individual’s current life cycle stage, as well as the previous event

experienced by the individual’s household. In addition, the number of in-

migrating households is determined.

Death. Each individual is subjected to a probability of dying based on

his/her age and sex. If the individual dies the information concerning the

individual is updated. In addition his/her household’s properties are

updated as well as the information concerning the remaining household
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members. The household expresses the intention to move to another
dwelling.

o Fertility. Each female individual is subjected to a probability of giving
birth based on her age and marital status. If the individual gives birth to
a child, the information concerning the child is determined and the
mother’s household properties are updated. The household expresses the
intention to move to another dwelling.

e Union formation. Each not married individual of certain age searches for
a not married individual of the opposite sex and of certain age. If the
individual finds a partner, then the couple decides to live together (form
a household) and to search for another dwelling.

e  Union dissolution. Each couple (married or cohabitates) is subjected to a
probability of splitting based on their age and the years of marriage. If
the couple splits, it is decided which partner leaves the house. The
partner that leaves the house forms a new household and decides to
search for another dwelling.

e Nest leaving. Each individual of age 18 and above, who still lives with
his/her parents is subjected to a probability of moving out. If the
individual decides to leave the parental house, he/she forms a new
household that must search for another dwelling.

e Flat-mate formation. An individual who lives on his/her own or flat-
mates with others is subjected to the probability of finding another flat-
mate. If the individual finds a flat-mate, then they decide to flat-mate
(form a household) and to search for another dwelling.

o Flat-mate leaving. An individual who flat-mates with other individuals
is subjected to the probability of leaving the household to live on his/her
own. If the individual decides to leave the initial house, he/she forms a

new household that must search for another dwelling.
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Out-migration. An individual or a household may decide to out-migrate
due to several reasons. For example, an individual who is unemployed
for a long time may decide to out-migrate. A child of age 18 and above
may decide to study at the University of another city. If the whole
household out-migrates, then its dwelling is vacated and added to the
housing supply set.

In-migration. Households outside the housing market decide to in-
migrate. These households consist of students, army officers, foreign

workers etc. These households must find a dwelling.

4.3.2 Income change events

Each individual of age 18 and above is subjected to the probability of

having his/her income changed based on the individual’s education career

and occupational changes.

Education. The education group to which the individual belongs is
determined (none, primary or less, lower secondary, upper secondary,
post secondary, tertiary) and he/she is assigned an education career.

Job entry. Each individual of age 15 and above who does not work
(soldiers are excluded) is searching for a job according to the first
criteria of the job search event (the remaining criteria are not taken into
consideration). If the individual finds a job, then his/her household
expresses the intention to move to another dwelling.

Job change. Each individual, who already works, is subjected to a
probability of retiring or becoming unemployed. Alternatively, the
individual searches for a new job according to the criteria of the job
search event. If a job change takes place, then the individual’s household
expresses the intention to move to another dwelling.

Job search. The individual searches for a job according to the following

criteria:
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1. The type of occupation should correspond to the education group to
which the individual belongs.

2. The job offers a higher salary than the one offered by the worker’s
current job based on the worker’s education group and the type of
occupation.

3. The job is located at the city center or at the residence zone of the
individual’s house or neighboring residence zones.

If the individual finds a job that matches his/her criteria, then he/she

accepts the job offer.

4.3.3 Demand change event

A household that does not have experienced a demographic or income

change event is subjected to the probability of searching for a new dwelling

due to demand changing.

e A household whose rent and housing expenditure are lower than the
household’s housing budget is simulated to request housing in a more
attractive neighborhood aiming for socio-economic upgrading.

e A household whose rent and housing expenditure exceed the
household’s housing budget is simulated to request a less expensive

dwelling.

4.4 The Housing Supply sub-model

Housing supply develops on the long-term to satisfy housing demand.
Changes on housing supply arise from the construction of new dwellings,
the demolition and conversion of existing dwellings (e.g. splitting,
combining and renovation) and the changes in the housing expenditures of
dwellings. Figure 23 shows the use case diagram corresponding to the

Housing Supply sub-model. The sub-model affects Dwelling and models
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four types of events: New construction, Structure conversion, Demolition
and Housing expenditures change. The use-cases scenarios that define these

events in detail are presented in Appendix C.

Housing Market System:: Housing
Supply Sub-model

Housing expenditur
es change

New construction
«extends»
«extends» N
Structure conversi
on
«extends» v

Top Package::Dwelling

Figure 23: The Housing Supply analysis sub-model

Renovation

Combination

4.4.1 New construction event

The number of new dwellings to be added to the house stock is determined
based on the market’s mobility and housing shortage. The location of each
new dwelling is determined based on the undeveloped land suitable for
development of the market area and the market’s housing demand trends.
The dwelling’s type and services are determined based on the market’s

housing demand trends.
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4.4.2 Structure conversion events

The structure of a dwelling is converted according to some possible way.

Split. Each vacant, large dwelling is subjected to the probability of
splitting to two or more smaller dwellings. The cost and difficulty of the
split are determined based on how similar the current and targeted
structure types and construction qualities are. If the split is profitable,
then the split takes place.

Combination. All set of two or more vacant, small and neighboring
dwellings are subjected to the probability of being combined to a larger
dwelling. The cost and difficulty of the combination are determined
based on how similar the current and targeted structure types and
construction qualities are. If the combination is profitable, then the
combination takes place.

Renovation. Each dwelling in medium or poor condition is subjected to
the probability of being renovated. The cost and difficulty of the
renovation are determined based on the current and targeted construction
qualities of the dwelling. If the renovation takes place, then the type of
renovation is determined (dwelling maintenance, dwelling extension,

number of rooms change etc).

4.4.3 Demolition event

A dwelling in poor condition is subjected to the probability of being

demolished. If the dwelling is occupied, then the corresponding household

must search for another dwelling. The demolition takes place only after

household moves out.

the

119



Chapter 4 System Analysis

4.4.4 Housing expenditures change event
The housing expenditures (maintenance capital, heat, electricity etc) of each
dwelling is determined based on the dwelling’s type, size, age and

construction quality.

4.5 The Residential Search and Migration sub-model

Households that are dissatisfied with their current housing, search the
housing market for a vacant dwelling that meets their needs. If a household
finds a dwelling that complies with its preferences, then the household
moves into the new dwelling. If household search fails, then the household
either remains to its current dwelling or migrates to another housing market
(out-migration). Housing demand and supply determine the rent and market

value of the dwellings (housing prices).

Figure 24 shows the use case diagram corresponding to the Residential
Search and Migration sub-model. The sub-model affects Households as
well as Dwellings and models Search and Migration and Housing prices
events. The use-cases scenarios that define these events in detail are

presented in Appendix C.
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Housing Market System:: Residential Search
and Migration Sub-model

ousing Prices
Change
Search and Migrati
on
\/ VA

extends»
Dwelling Vacation

Figure 24: The Residential Search and Migration analysis sub-model

Top Package::Household Top Package::Dwelling

Dwelling Search

Housing Demand::Out-migration

4.5.1 Search and migration event

All households whose structure or housing circumstances have changed and
all newly formed households as well as the households they originate from
are simulated to search for a new dwelling.

e Dwelling Search. The household searches the list of vacant dwellings for

a dwelling according to the following rules:

o Tenure. Initially, the household decides whether it will search for a
house to own or rent, based on the household’s previous tenure, its
current income, its current life cycle stage and the current mortgage
interest rates and taxation allowances (e.g. households that decide to
buy a dwelling and do not already own one are entitled to a tax
relief).

o Dwellings are defined by seven (7) dimensions: dwelling price/rent,
number of rooms, dwelling type, dwelling age, structure condition,
amenities (garden, parking etc), and neighborhood quality. The
household defines the values of the dimensions the desired dwelling

should have, as well as the dimensions that are of importance
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(primary dimensions) and those that are not (secondary dimensions).
The desired dwelling is defined based on the event experienced by
the household, the household’s income as well as whether the
household searches for a dwelling to rent or own.

o The number of dwellings considered by the household depends on
the search intensity of the household. In other words, households
with high search intensity consider more dwellings than the ones
with low search intensity.

e If the household decides to accept a vacancy then it moves to the new
dwelling and the dwelling the household occupied (if any) is vacated
(Dwelling vacation).

e [f the household fails to find a dwelling, then if it is an in-migrating
household, the household as well as its members is deleted. In any other
case, the household is subjected to the probability of out-migrating.

e If the household does not out-migrate then if it already has a dwelling it
remains there, or in any other case the household is deleted and its

members return to their parental households.

4.5.2 Housing prices change event

Once all household moves have taken place, the rent and market values of

the dwellings are updated based on housing demand and supply.

4.6 The URM-Microsim Database

Within URM-Microsim, the database entities of interest are individuals,
households and dwellings. The population of a city consists of households.
A household has one or more members. Each household member is an
individual with a specific position in the household (couple member, child

or single) which may change over time. An individual may have an
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occupation (and therefore, a salary) or not which may change over time.
The occupation belongs to a residence zone. A household lives at a dwelling
that owns or rents and that may change over time. A dwelling may have at
some point in time one or more ancestors (the dwelling is the outcome of a
split or combination) or one or more descendants (the dwelling takes part in
a combination or split process). A dwelling belongs to a building, which in
turn belongs to a building block, which in turn, belongs to a residence zone.
The residence zone has one or more neighbours. Buildings, building blocks
and residence zones have a position in space i.e. they are spatial objects. In
addition, the database entities have characteristics, whose values may

change over time as well as the relationships between the entities.

An individual has the following characteristics:

e Personal characteristics
o Sex.
o Date of birth.
o Marital status (never married, married, divorced etc).
o Date of in-migration.
o Date of out-migration.
o Date of death.
The marital status of an individual may change over time and this
change should be kept in the database. That is why marital status should
be denoted as a temporal attribute. Moreover, individuals who out-
migrate or die are not deleted from the database in order to store the past
of the housing market system. That is why an individual should be
denoted as a temporal object.

e Occupational characteristics
o The education group to which the individual belongs (none, primary

or less, lower secondary, upper secondary, post secondary, tertiary).
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o The employment status of the individual (employee, employer, self-
employed, family worker, unemployed, student, engaged in family
duties, engaged in the army service, retired, other inactive).

o The search intensity with which the individual searches for a new job
(none, low, high).

o The income of the individual which is calculated as the sum of the
individual’ occupational income, that is:
= Salary if the individual is a worker.
= Unemployment allowance if the individual is unemployed.
= Pension if the individual is retired.

» The individual’s non-occupational income (e.g. rent of a house
owned by the individual etc).

All occupational characteristics of an individual may change over time.

The education level, employment status and income changes are of

interest within the context of this work and should be kept in the

database. That is why these characteristics should be denoted as

temporal attributes.

An occupation has the following characteristics:

e Occupation branch (professional, technician and associate professional,
clerk, service worker and shop and market sales worker, etc).

e The industry branch, that is, the branch of economic activity to which
the occupation belongs (construction, wholesale and retail trade, hotels
and restaurants, public administration and defence, education, etc).

o  Working time (full-time, part-time).
A household has the following characteristics:

e The household size that is, the number of individuals that constitute the

household.
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e The event that the household currently experiences.

e The search intensity with which the individual searches for a new house
(none, low, medium, high).

e The household’s income, which is calculated as the sum of the
household members’ income.

All household characteristics may change over time. Since household size

changes and all the events experienced by the household during its life

cycle, are of interest in order to capture population life histories, they should

be denoted as temporal attributes. In addition, households which no longer

belong to the housing market under examination are not deleted from the

database in order to store the past of the housing market system. That is why

a household should be denoted as a temporal object.

A dwelling has the following characteristics:

e Dwelling Size.

e  Number of rooms.

e The dwelling’s structure quality’ (quality of interior and exterior
finishing, the architectural distinction of the unit, and the unit’s
spaciousness or average room size).

e Renovation year.

e Renovation type, that is an indicator to denote the type of renovation that
took place if any (room add/change, structure renovation, building
renovation).

e Market value of the dwelling.

e Rent value of the dwelling.

e Housing expenditures of the dwelling.

* In [HUDS] it is called Quantity of structure services.
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e Available, that is an indicator to denote whether the dwelling is available
to searching households or not (no, for rent, for sale).

All dwelling characteristics may change over time and their changes should

be kept in the database. Therefore, all of them are denoted as temporal

attributes. Moreover, demolished dwellings are not deleted from the

database in order to store the past of the housing market system. That is why

a dwelling should be denoted as a temporal object.

A building has the following characteristics:

e Building type (one, two, three or more dwelling house).

e The size of the lot to which the building belongs.

o  Number of floors

o  Number of dwellings

e Parking, that is, an indicator to denote whether the building offers
parking place or not.

e Garden, that is, an indicator to denote whether the building has a garden
or not.

e The construction period of the building (age of the building).

e Demolition year.

The type, number of floors and number of dwellings of a building may

change over time due to its dwellings’ renovation. Since these changes are

of importance, the aforementioned attributes should be denoted as temporal

ones.

A building block has the following characteristics:
e The level of shopping access of the neighborhood.
e The level of school access of the neighborhood.

e The level of transportation access of the neighborhood.
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A residence zone has the following characteristics:

Zone name.
Zone type.

Zone quality.
Population type.

Figure 25 shows the Class diagram corresponding to the URM-Microsim.

This diagram shows the database structure of the system (static structure of

the system), that is, the classes, their attributes, operations, and

relationships with other classes that will be implemented and maintained in

the database of the Housing Market System to be developed.
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Figure 25: The URM-Microsim Database — Class Diagram
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4.7 Summary

In this chapter, the analysis model of Housing Market System to be
developed within the context of this thesis was presented. UML with spatio-
temporal extensions was used for the graphical representation of the
analysis model. Initially, the behavior of the system to be developed (what
the system does) was presented that is, the URM-Microsim Model as well as
its components, namely, the Housing Demand, Housing Supply and
Residential Search and Migration sub-models. Then, the URM-Microsim
Database was presented, namely, the entities that are of interest as well as

their characteristics and the relationships with each other.
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Chapter 5
System Design

5.1 Introduction

In this chapter, the design model of URM-Microsim is presented taking into
consideration the implementation platform to be used. Therefore, UML with
ArcInfo extensions (ArcInfo Geodatabase Model) in conjunction with the
Microsoft Visio 2000 UML CASE tool is used for the graphical
representation of the design model. Section 5.2 presents the behavior of the
URM-Microsim Model and its sub-models (Housing Demand, Housing
Supply and Residential Search and Migration), that is, the steps the model
goes through, in order to execute the model processes. Section 5.3 presents
the events that occur in the Housing Demand sub-model. Section 5.4
presents the events that occur in the Residential Search and Migration sub-
model. Additionally, section 5.5 presents the URM-Microsim Database,
namely, the entities that are of interest as well as their characteristics and
the relationships with each other. Finally, section 5.6 presents
implementation issues concerning the implementation of the URM-

Microsim design model.

5.2 The URM-Microsim Model

The URM-Microsim Model and its sub-models (Housing Demand, Housing
Supply and Residential Search and Migration) defined in the analysis model
are further elaborated to show the steps the model goes through, in order to

execute the model processes.
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In URM-Microsim the housing market under examination is initially
determined, namely the city whose residential mobility will be simulated. In
addition, the date of simulation (execution date) is defined. Then the
Housing Demand and Housing Supply sub-models of URM-Microsim are

executed in parallel.

In the Housing Demand sub-model each individual of the population is
initially subjected to the probability of experiencing one of the income
events (education, job entry and job change) and successively is subjected
to the probability of experiencing one of the demographic events (death,
fertility, union formation, union dissolution, flat-mate formation, flat-mate
leaving, and nest leaving). Next, each household that does not have
experienced a demographic or income change event is subjected to the
probability of experiencing the demand change event. In addition, the type
and number of in-migrating households is determined. Each in-migrating

household is simulated to experience the in-migrating event.

In the Housing Supply sub-model each dwelling of the housing stock is
initially subjected to the probability of experiencing one of the structure
events (renovation, split, combination and demolition) and successively is
subjected to the probability of experiencing the housing expenditure
changes events. In addition, the type and number of new dwellings is
determined. Each new dwelling is simulated to experience the new

construction event.

Once Housing Demand and Housing Supply sub-models’ execution is
completed, the Residential Search and Migration sub-model is initiated. All
Households that wish to search for a dwelling are selected as well as all
vacant dwellings. Each one of these households is randomly selected and

the number of dwellings it will be offered is determined based on the
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household’s search intensity. Next the dwelling search event is simulated. If
the household fails to find a dwelling, then if it is an in-migrating
household, the household as well as its members is deleted. In any other
case, the household is subjected to the probability of out-migrating. If the
household does not out-migrate then if it already has a dwelling it remains
there, or in any other case the household is deleted and it’s members return
to their parental households. Once all households have searched the housing
market and all household moves have taken place, the housing prices are

updated based on housing demand and supply.

Figure 26 shows the activity diagram corresponding to the URM-Microsim
design model under development. This diagram shows the steps the model
goes through, in order to execute the model processes and explores how

various processes interact in the model.
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Figure 26: The URM-Microsim design model
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5.3 The Housing Demand events
In this section each demographic and income event of the Housing Demand

sub-model (Figure 26) is further elaborated.

5.3.1 Death event

Death

[yes]

Set death date of the individual

| Update individual information - end datq

marital_status
employment_status
education_status
household_membership

Check household size phsize

[phsize=1]

Set ceased date of the houschold [single]

[couple member]

[no]

hold position of the r ini t )

T
OR [at least one child >=18]
flat-mate]

(Get partner from household membershia Check I

Update partner information

[at least one not child

[all members are children]
marital_status=widow
household_membership=single

Update household information

household_size=phsize-1
search_intensity=low
event_experienced=death

Update child>=18 information

Update household information household_membership=single

Call OutMigrationHousehold

event_experienced=death
size = end_date

Call DwellingVacation

Figure 27: Death event

Each individual is subjected to a probability of dying based on his/her age
and sex. If the individual is simulated to die then the death date of the
individual is set and his/her information is updated to denote that this
individual no longer belongs to the population. In addition, the household’s

information is updated and it is denoted as a household with low search
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intensity. If the individual belonged to a one-member household, then the
household's ceased date is set to denote that the household no longer
belongs to the city’s household set and the dwelling the household occupied
is vacated and added to the housing stock. If the individual had a partner
(he/she was a couple member) then the partner’s information is updated. If
the individual was the parent in a one-parent household with one or more
children, then the definition of a guardian (single or child>=18 years old)
from the remaining household members is considered. If a guardian is
available then his/her information is updated, otherwise the household out-

migrates since it is assumed that the city does not have an orphan house.
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5.3.2 Fertility event
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Figure 28: Fertility event

Each woman of age 10 and above is subjected to a probability of giving

birth based on her age and marital status. If the woman is simulated to give
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birth then she is subjected to the probability of giving birth to twins. For
each child born the child’s sex is determined and he/she is added to the
population. Next, each child is exposed to the probability of dying (infant
mortality). If the child dies then the death date of the child is set and the
household’s information is updated. If the child survives, then information
concerning the child is inserted, the household’s information is updated and

it is denoted as a household with low search intensity.
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5.3.3 Union Formation event
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Figure 29: Union Formation event
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Each individual of age 10 and above, who is not married, searches for a not

married individual of the opposite sex and of certain age.

If the individual is a couple member (but not married) namely the individual
cohabitates then he/she is subjected to the probability of getting married. If
the individual marries his/her cohabiter then the information concerning the

individual, the partner as well as their household is updated.

If the individual is not a couple member then the age group of possible
partners is selected. Then the list of possible partners is selected, which
consists of all not married individuals of the opposite sex and of the selected
age group. A possible partner is randomly selected and the individual is
subjected to the probability of accepting the partner based on his/her sex and
age as well as, the partner’s age. Partners are randomly selected until one is

accepted or until all possible partners are examined.

If the individual finds a partner, then it is decided whether the individuals
will get married or will cohabitate. Next the current household position of
the two partners is examined. If both individuals are not singles that is, they
either live with their parents or flat-mate, then a new household is created,
which is denoted as a one with medium search intensity. The information
concerning the partners as well as their parental households is updated. In
addition, the parental households are denoted as households with low search
intensity. It should be noted that the parental households will search for
another dwelling only if the new household finds a new dwelling and

consequently, the union formation actually takes place.
If only one of the partners is single that is, he/she already has a dwelling of

his/her own, then the other partner moves in with him/her and become

member of his/her household. The information concerning the partners, the
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single’s household as well as the other partner’s parental household is
updated accordingly. In addition, both households are denoted as

households with low search intensity.

If both partners are single that is they both have their own dwellings then it
is decided who’s dwelling and consequently household the partners keep.
The two dwellings are compared based on ownership status, size (number of
rooms) and partner’s sex. Once it is decided whose partner dwelling is kept,
the other partner as well as his/her children (if any) moves in with him/her
and become member of his/her household. The information concerning the
partners, the moving children (if any) as well as the household kept is
updated accordingly. The household left has its ceased date set to denote
that the household no longer belongs to the city’s household set and the
dwelling the household occupied is vacated and added to the housing stock.
In addition, the household kept is denoted as a one with low search

intensity.
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5.3.4 Union Dissolution event

[married OR cohabitates]

Union Dissolution

[no]

[more
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(Updalc female's h_membership= single & new h]dj Edeate female's h_membership= single & initial hl(D

G}pdate male's h_membership= single & initial hl(D Edeate male's h_membership= single & new hl(D
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[phsize=2 no children]

members]
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Update initial household information
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search_intensity=low

event_experienced=union_diss_stayer
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household_size=phsize-1
event_experienced=union_diss_stayer
search_intensity=low

\! v
( 7\ ' 2\

Insert new household information Insert new household information

event_experienced=union_diss_leave search_intensity=high
household_size=phsize-1 event_experienced=union_diss_leave
\scarchiimcnsity:high Y, household_size=1

Gheck if new household out-migratea

\ Iyes]

Call OutMigrationHousehold

Figure 30: Union Dissolution event
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Each individual who is married or cohabitates is subjected to the probability
of separating based on female’s age and the years of marriage/cohabitation.
If the individual is simulated to separate from his/her partner, then it is
decided which partner (male or female) moves out of the current dwelling. It
is assumed that the children stay with the mother and any singles are the
mother’s parents. Next, a new household is created that consists of the
partner that moves out and is denoted as a household with high search
intensity. The information concerning the initial household is updated and
the household is denoted as one with low search intensity. It should be noted
that the initial household will search for another dwelling only if the new
household finds a new dwelling and consequently, the union dissolution
actually takes place. The partners’ information is also updated as well as the
information concerning the rest of the members, if any (in case the mother’s
household is moving out). Finally, the new household (moving out

household) is subjected to the probability of out-migrating.
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5.3.5 Nest Leaving event

°

[hld_positiion = child AND pAge >= 18]

N

(Check if child out-mi gratea

[Nest

[1'10]

Leave]

[yes] [Create the new househola

Get parental household

@pdate household membership= single & new householg

( Insert new household information W

household_size=1

event_experienced=nest leaving_leaver
search_intensity=medium

Gind current size of parental household phsiza

Gall OutMigration]ndividueD ﬁjpdate parental household informatioq

household_size=phsize-1
search_intensity=low
event_experienced=nest_leaving_stayer

Figure 31: Nest Leaving event
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Each individual of age 18 and above, who still lives with his/her parents is
initially subjected to the probability of out-migrating. If the individual
remains in the housing market system under examination then he/she is
subjected to the probability of moving out the parental household. If the
individual is simulated to leave his/her parents then he/she forms a new
single-member household, which is denoted as a one with medium search
intensity. The information concerning the individual as well as the parental
household is updated. In addition, the parental household is denoted as one
with low search intensity. It should be noted that the parental household will
search for another dwelling only if the new household finds a new dwelling

and consequently, the nest leave actually takes place.
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5.3.6 Flat-mate Formation event
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/

Call DwellingVacation for d716f9
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Check hld size

Update h_membership=single

Figure 32: Flat-mate Formation event
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Each individual of age between 18 and 34 who lives on his/her own or flat-
mates with others in a rented dwelling, is subjected to the probability of
finding another flat-mate with the same characteristics. If the individual is
simulated to flat-mate with another individual, then the list of possible flat-
mates is selected, which consists of all individuals of the same sex and age
group who live on their own or flat-mate with others in a rented dwelling. A
possible flat-mate is randomly selected and the size of their current

households is examined.

If both individuals live with others, then a new household is created, which
is denoted as a one with medium search intensity. The information
concerning the flat-mates as well as their initial households is updated. If the
initial households have only one member left, then the member’s
information is updated to denote that he/she no longer flat-mates (hld
position = single). In addition, the initial households are denoted as
households with low search intensity. It should be noted that the initial
households will search for another dwelling only if the new household finds
a new dwelling and consequently, the flat-mate formation actually takes

place.

If only one of the flat-mates lives alone that is, he/she already has a dwelling
of his/her own, then the other flat-mate moves in with him/her and becomes
member of his/her household. The information concerning the flat-mates,
the single’s household as well as the other flat-mate’s initial household is
updated accordingly. In addition, both households are denoted as

households with low search intensity.
If both flat-mates live alone that is, they both have their own dwellings, it is

decided whose dwelling and consequently household the flat-mates keep.

The two dwellings are compared based on size (number of rooms) and rent
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value. Once it is decided whose flat-mate dwelling is kept, the other flat-
mate moves in with him/her and becomes member of his/her household. The
information concerning the flat-mates as well as the household kept is
updated accordingly. The household left has its ceased date set to denote
that the household no longer belongs to the city’s household set and the
dwelling the household occupied is vacated and added to the housing stock.
In addition, the household kept is denoted as a one with low search

intensity.
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5.3.7 Flat-mate Leaving event

°

[hld_position = flat mate]

(Check if flat-mate out-migratea

[no]

[Flat mate Leave]

Greate the new househola
[yes]
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( Insert new household information w
household_size=1
event_experienced=flat_mate_leaving_leaver
search_intensity=medium

\V [no]

Gind current size of initial household phsiza

( Update initial household information W
Call OutMigrationIndividual

household_size=phsize-1
event experienced=flat mate leaving_stayers
search_intensity=low

Gheck new size of initial houselD

[phsize=1]

[phsize>1]

@pdate member's h_membership= singla

o

Figure 33: Flat-mate Leaving event
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Each individual, who flat-mates with other individuals, is initially subjected
to the probability of out-migrating. If the individual remains in the housing
market system under examination then he/she is subjected to the probability
of leaving the household to live on his/her own. If the individual is
simulated to leave his/her household then he/she forms a new single-
member household, which is denoted as a one with medium search intensity.
The information concerning the individual as well as the initial household is
updated. If the initial household has now only one member then his/her
information is also updated. In addition, the initial household is denoted as
one with low search intensity. It should be noted that the initial household
will search for another dwelling only if the new household finds a new

dwelling and consequently, the flat-mate leave actually takes place.
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5.3.8 Out-migration event

Check who Out-Migrates

[individual]

[phsize>1]
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household_membership .
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(Update household information | Update household information
L event_experienced=out-migration member[

event_experienced=out-mi gratimj

household_size=phsize-1
]

Call DwellingVacation

Figure 34: Out-migration event

A household or an individual is subjected to the probability of out-
migrating. If a household is simulated to out-migrate then the out-migration
date of each household member is set and his/her information is updated to
denote that the individual no longer belongs to the population. In addition,

the household's ceased date is set to denote that the household no longer
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belongs to the city’s household set and the dwelling the household occupied

is vacated and added to the housing stock.

If an individual is simulated to out-migrate, then the whole household to
which the individual belongs out-migrates in the following cases:

e [fthe individual belongs to a one-member household.

e If the individual has a partner (he/she was a couple member).

e [f the individual is the parent in a one-parent household with one or

more children.

In all other cases the individual out-migrates on his/her own, that is, his/her
out-migration date is set and his/her information is updated to denote that
the individual no longer belongs to the population. In addition, the
household’s information is updated and it is denoted as a household with

low search intensity.
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5.3.9 In-migration event

Create new household

event_experienced—in—migratioj

search_intensity=high

Getermine household siza

(Create household member information

(22|

education_status

household membership
employment_status [more members]
marital_status )

(Check number of household memberai

Figure 35: In-migration event

The number as well as the type of households entering the housing market is
determined. For each in-migrating household a new household is created
and denoted as a household with high search intensity. Next the number of
members of the household is determined based on the household type. The
individuals — members of the household are added to the population and

information concerning each individual is inserted.
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5.3.10 Education event

[pAge>=15]

(Check age and current education leveD

I
[no]

L

Getermine individual's education leveD

!

Check if new education level > current education level
[education set AND age>=35]

[yes]

@pdate individual's education status = new leveD

[no]
@< |

Figure 36: Education event

The education level of an individual may not change if he/she already has an
education level and is over 35. In all other cases, each individual of age 15
and above is subjected to the probability of having his/her education level
determined based on the individual’s sex and age (none, primary or less,
lower secondary, upper secondary, post secondary, tertiary). If the
individual’s new education level is higher than his/her current education

level then the information concerning the individual is updated.

153



Chapter 5 Svystem Design

5.3.11 Job entry event

[pAge>=15]

[no]

JobEntry

[yes]

[age >= 35 AND (current job = student OR army)
OR
age >= 20 AND (current job = school child)]

Gpdate individual's employment statua

Gpdate individual's employment status—unemployea
ﬁpdate household informatioq

search_intensity=low
event_experienced=job_entry

Figure 37: Job entry event

Each individual of age 15 and above, who does not work (soldiers are
excluded) is subjected to the probability of getting a job based on the
individual’s sex, age, current employment (unemployed, student, school-
child, army service, other inactive) and education status. If the individual is
simulated to get a job (one of employee, employer, employed, family-
worker, family-duties, and student) then the information concerning the
individual as well as its household is updated and the household is denoted
as one with low search intensity. If the individual is not simulated to get a
job then if he/she is over 35 and a student or engaged in army service, or
he/she is over 20 and a school-child then his/her employment status is

changed to unemployed.
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5.3.12 Job change event

JobChange

[yes]

Gpdate individual's employment statua

[no]

event_experienced=job_change
search_intensity=low

(2 a | <

Update household informatiorq

Figure 38: Job change event

Each individual who already works is subjected to the probability of job
changing based on the individual’s sex, age, current employment
(employee, employer, self-employed, family-worker) and education status.
If the individual is simulated to change job (one of employee, employer,
employed, family-worker, unemployed, family duties, retired, other
inactive) then the information concerning the individual as well as its
household is updated and the household is denoted as one with low search

intensity.
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5.3.13 Demand change event

°

[household with no event]

Demand Change

[yes]

Update household information
[no]

event_experienced=demand_change
search_intensity=low

Figure 39: Demand change event

Each household that does not have experienced a demographic or income
change event is subjected to the probability of searching for a new dwelling
due to demand changing. If the household is simulated to have its demands
changed then its information is updated and it is denoted as a household

with low search intensity.

5.4 The Residential Search and Migration events
In this section each event of the Residential Search and Migration sub-

model shown in Figure 26 is further elaborated.
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5.4.1 Dwelling Search event

Check if household currently has a dwelling)

[no] [yes]
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!
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! v
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L
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J
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y
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J
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v

Gind available dwellings with desired charactcristica
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[more dwellings]
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[no] [yes]

[household occupied a dwelling]
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Call DwellingVacation

Update Dwelling information

[no more offers]

available=no
residence=new_dwelling

Figure 40: Dwelling search event
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Each newly formed household or each household whose structure or
housing circumstances have changed is simulated to search the list of vacant
dwellings. Initially, it is decided whether the household will search for a
dwelling to buy or rent based on the household’s current ownership status,
(the ownership status of a newly formed household is assumed to be renter).
Next, the rent/market value threshold as well as the number of rooms
threshold is defined based on the current dwelling’s rent/market value and
number of rooms (the rent/market value threshold of a newly formed
household is given exogenously and the number of rooms is assumed to be
equal to the household size). Based on these threshold values and the event
experienced by the household, it is decided whether the household will
search for a larger or a smaller as well as for a more expensive or a cheaper
dwelling. In addition, the new dwelling’s building type is determined. Next,
the vacant dwellings with the desired characteristics are selected. If there is
at least one available dwelling that matches the criteria, one dwelling is
randomly chosen. If the household accepts the offer then the dwelling the
household occupied (if any) is vacated and added to the housing stock and
the new dwelling’s information is updated. If the household rejects the
dwelling then another suitable dwelling is randomly chosen and offered to
the household successively until the household either accepts one dwelling

or the number of dwellings the household may be offered is exceeded.
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5.4.2 Dwelling vacation event

4(Check if household occupies a dwellin@

[yes]
V!

Getermine whether dwelling will be available for rent or sala

residence= nothing
available=for rent or for sale

[no] ﬁjpdate Dwelling informatioq

Figure 41: Dwelling vacation event

If the household moves to a new dwelling then if the household occupied a
dwelling it should be vacated. Initially it is decided whether the dwelling
will be available for rent or sale. Next, the dwelling’s information is updated

to denote that the dwelling is vacated and added to the housing stock.
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5.5 The URM-Microsim Database

While the analysis model does not contain any implementation details in
order to be usable by all members of a development team (users, analysts,
programmers etc), the design model of a system should take into
consideration the implementation platform to be used. Therefore, the
database entities defined in the analysis model (in section 4.3), are further
elaborated taking into consideration the implementation platform chosen.
Since the ArcGIS platform is used for the implementation of URM-
Microsim, the ArcInfo UML Geodatabase Model (an extension of UML) is

used for the graphical representation of the design model.

In the URM-Microsim analysis model each database entity (individual,
household, dwelling, occupation, building, building block and residence
zone) corresponds to one class in the UML class diagram, which in turn,
corresponds to a table in the ArcGIS database schema. Since ArcGIS
platform does not allow the explicit modeling of the temporal semantics of
information, each entity characteristic with temporal semantics in the
analysis model is converted to a separate class in the design model. This
class is related to the entity class via a composite relationship to denote that

the temporal characteristic belongs to the entity.

For example, the marital status of an individual may change over time since
an individual who is married may get a divorce, and may then get married
again. Therefore, the marital status characteristic is modeled as a separate
class (marital status class) with the following attributes:

e marital status which contains the marital status value of the individual

e start date and end date to denote the time period the individual has a

single marital status value and
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e IndividuallD to denote the ID of the individual to whom the marital
status value refers.
In addition, the marital status class is related to the Individual class via the

Has_marital _status composite relationship.

In the design model the type of each entity characteristic (class attribute)
should be defined based on the types available by the ArcGIS platform. For
example the birth date of an individual is of esriFieldTypeDate type.
Moreover, the Arcinfo UML Geodatabase Model allows the use of coded
value domains to give a more understandable description to the set of
permissible values an entity characteristic may have. For example the
marital status of an individual may be one of never married, married,
divorced, widow or cohabitating. The type of marital status is defined in a
coded value domain class called marital status type, according to which
marital status is of esriFieldTypelnteger type and may have one of the
1,2,3,4 or 5 values (1 corresponds to never married, 2 corresponds to

married, etc).

In the URM-Microsim design model seven (7) new class attributes were
defined. These attributes are not entity characteristics and that is why they
were not defined in the analysis model; they are in fact information that is
required in the implementation of the design model. In other words, these
attributes are programmatic attributes and are required in program
execution.

e In Individual class the event in_process attribute is defined to denote

whether an individual is currently experiencing an event or not.

o In Household size class the leaverID attribute is defined to store the ID

of the individual that left the household.
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e In Household class the num_of cycles attribute is defined to denote the
searching cycle in which the household is. In URM-Microsim each
household may search the housing market in four cycles.

e In Event experienced class the hld move attribute is defined to denote
whether the household has actually moved from one dwelling to another.

e In Building block class the code esye attribute is defined to store the
building block code given by the National Statistical Service of Greece
(NSS).

e In Building block class the Hld change attribute is defined to store the
number of households that moved in — the number of households that
moved out of the building block.

o In Building class the code esye attribute is defined to store the building
block code given by the National Statistical Service of Greece (NSS).

o In Residence zone class the Hld change attribute is defined to store the
number of households that moved in — the number of household that

moved out of the residence zone.

Finally, it should be noted that each entity with non-spatial semantics such
as individual is denoted as a subtype of the Object ESRI Class whereas each
spatial entity such as building block is denoted as a subtype of the Feature
ESRI Class.

Figure 42 shows the Class diagram corresponding to the design model of

the URM-Microsim and Figure 43 shows the classes corresponding to the

coded value domains defined in the design model.
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-individuallD : esriFieldTypelnteger

-householdID : esriFicldTypelnteger N
shi N
houschold_size * Membmalu[; 1.
Chsize : esriFieldTypelnteger
-start_date : esriField TypeDate Has|size 1
—1|-end_date : estiFieldTypeDate o Houschold
D : esriField Typelnteger “W|-house_search_intensity : house_search_intensity_type|

FicldTypeDate
¥ ieldTypeDate
um_of cycles : esriFicldTypelnteger

-leaverlD : esriField Typelnteger

event_experienced [+income()

-h_event : h_event_type
-hld_mov
[—-start_date : esriFieldTypeDate s
-end_date : esriFieldTypeDate
D : esriField Typelnteger Residence
"d_owner : yes_no_type

-start_date : esriFieldTypeDate
-end_date iFieldTypeDate
-dwellingID : esriFieldTypelnteger
-householdID : esriField Typelnteger]

Dwelling_size_info

-dsize : esriFicld Typelnteger N
-num_of rooms : esriFieldTypelnteger
[—1-start_date : esriFieldTypeDate

_end_date : esriField TypeDate |
-dwellingID : esriFieldTypelnteger

1 Dwelling

“related_dwellingID - esriFicldTypelnteger
l-conversion : conversion_type

-quality : quality_type reation_date : esriFieldTypeDate .
-renovation_date : esriField TypeDate] -end_date : esriFieldTypeDate Contains_dwelling
-renovation : renovation_type

-buildingID : esriFieldTypelnteger
-start_date : esriFieldTypeDate
end_date : esriField TypeDate

Structure_info *

-dwellingID : esriFieldTypelnteger : Building
! , [Fotsize: esriFieldTypelnieger |
-construction_period : constuction_period_type|
Dwelling_value ¢ fon_year : esriFieldTypeDate
market value : coriFieldTypeDouble -buildingblockID : esriFieldTypelnteger
-rent_value : esriFicldTypeDouble * -code_esye : esriFieldTypelnteger
| |housing_expenditure : esriFieldTypeDouble
-start_date : esriFieldTypeDate
-end_date : esriFieldTypeDate L
-dwellingID : esriFieldTypelnteger Contains| building
1
Availability
available : availability_type d BuildingBlock
-start_date : esriFieldTypeDate
end_date : esriFieldTypeDate shopping_access : estiFieldTypeString |1
-dwellingID : esriFieldTypelnteger| -shool_access : esriFieldTypeString
-transportation_access : esriField TypeString|
-zonelD : esriFieldTypelnteger )
-code_esye : esriFieldTypelnteger
Building_info [-HId_change : esriFieldTypelnteger
-btype : building_type 1.*
-floor_num : esriFieldTypelnteger -
-dwelling_num : esriFicldTypelnteger| ~ * Contains Residence zome Occupation
-parking : yes_no_type -

Zone_name : csriFicldTypeString  —
zone_type : esriFicldTypelnteger working_time : working

-garden : yes_no_type

-start_date : esriFieldTypeDate
end_date : esriFieldTypeDate
-buildingID : esriFicld Typelnteger -population_type
HId_change : esriFieldTypelnteger

4 e_type
-start_date : esriFieldTypeDate
end_date : esriFicldTypeDate
-zoneID : esriFieldTypelnteger

Contains_occupation

Figure 42: The URM-Microsim Database
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«CodedValueDomain»
Coded_Value_Domains::availability_type

«CodedValueDomain»
Coded_Value_Domains::h_event_type

+FieldType : esriFieldType = esriField Typelnteger
+MergePolicy : esriMergePolicyType = esriMPTDefaultValue|
[+SplitPolicy : esriSplitPolicyType = esriSPTDefaultValue
+no : <unspecified> = 1

[+for_rent : <unspecified> =2

+for_sale : <unspecified> =3

«CodedValueDomain»
Coded_Value_Domains::building_type

+FieldType : esriFieldType = esriField Typelnteger
+MergePolicy : esriMergePolicyType = esriMPTDefaultValue|
+SplitPolicy : esriSplitPolicyType = estiSPTDefaultValue
+one dwelling : <unspecified> = 1

+two dwellings : <unspecified> = 2

+three or more dwellings : <unspecified> =3

[+Church : <unspecified> = 4

-Hospital : <unspecified> =5

-Hotel : <unspecified> =6

-Public : <unspecified> = 7

-School : <unspecified> = 8§

-Shop/Office : <unspecified> =9

-Other : <unspecified> = 10

+FieldType : esriFieldType = esriField Typelnteger
+MergePolicy : esriMergePolicyType = esriMPTDefaultValue|
+SplitPolicy : esriSplitPolicyType = esriSPTDefaultValue
+death : <unspecified> = 1

Hertility : <unspecified> = 2

+nest leaving leaver : <unspecified> =3

-nest leaving stayers : <unspecified:
union diss leaver : <unspecified> = 5

union diss stayer : <unspecified> = 6

-union form leavers : <unspecified> =7

_union form (one dwelling) : <unspecified> = §
-union form stayers : <unspecified> =9

-job entry : <unspecified>= 10

job change : <unspecified> = 11
-out-migration : <unspecified>= 12
-out-migration member : <unspecified> = 13
_f.m form leavers : <unspecified> = 14

-f-m form stayers : <unspecified> =15

_f-m form (one dwelling) : <unspecified> = 16
-f-m leaving leaver : <unspecified> = 17

_f-m leaving stayers : <unspecified> = 18
-infant death : <unspecified> = 19
-in-migration : <unspecified> = 20

_demand change : <unspecified> = 21

«CodedValueDomain»
Coded_Value_Domains::constuction_period_type

«CodedValueDomain»
Coded_Value_Domains::house_search_intensity_type

FieldType : estiFieldType = esriField Typelnteger
+MergePolicy : esriMergePolicyType = esriMPTDefaultValue|
[+SplitPolicy : esriSplitPolicyType = esriSPTDefaultValue
+Before 1919 : <unspecified> = 1

+1919-45 : <unspecified> = 2

+1946-1960 : <unspecified> = 3

+1961-70 : <unspecified> =
[+1971-80 : <unspecified>
+1981-85 : <unspecified>
+1986-90 : <unspecified>
1£1991-95 : <unspecified> = §

+1996plus : <unspecified> = 9

+Under construction : <unspecified> = 10

[ FicldType : esriFieldType = esriFicld Typelnteger
+MergePolicy : esriMergePolicyType = esriMPTDefaultValue|
+SplitPolicy : esriSplitPolicyType = esriSPTDefaultValue
+none : <unspecified> = 1

+low : <unspecified> = 2

+medium : <unspecified> =3

+high : <unspecified> = 4

«CodedValueDomain»
Coded_Value_Domains::conversion_type

FFieldType : esriFieldType — esriField Typelnteger
+MergePolicy : esriMergePolicyType = esriMPTDefaultValue]
[+SplitPolicy : esriSplitPolicyType = esriSPTDefaultValue
+descendant_split : <unspecified>
[+ancestor_combination : <unspecified> =2

«CodedValueDomain»
Coded_Value_Domains::occup_income_type

+FieldType : esriFieldType = esriFieldTypelnteger
+MergePolicy : esriMergePolicyType = esriMPTDefaultValug|
+SplitPolicy : esriSplitPolicyType = esriSPTDefaultValue
+none : <unspecified> = 1
+salary : <unspecified> = 2

ploy :
+pension : <unspecified> = 4

«CodedValueDomain»
Coded_Value_Domains::occupation_type

+FieldType : esriFieldType = esriFieldTypelnteger
+MergePolicy : esriMergePolicy Type = esriMPTDefaultValue
+SplitPolicy : esriSplitPolicyType = esriSPTDefaultValue
+Hegislator, senior official or manager : <unspecified> =1
+professional : <unspecified> = 2

+technician or associate professional : <unspecified> =3
tclerk : <unspecified> =4

[+service worker or shop and market sales worker : <unspecified> = 5

+skill agricultural or fishery worker : <unspecified> = 6
+craft or relative worker : <unspecified> =7

[+plant and machine operator or assembler : <unspecified> = 8
+elementary occupation : <unspecified> =9

+armed forces : <unspecified> = 10

«CodedValueDomain»
Coded_Value_Domains::position_in_houschold_type

[+FieldType : estiFieldType = esriField Typelnteger

[+SplitPolicy : esriSplitPolicyType = estiSPTDefaultValue
+single : <unspecified> = 1

+couple : <unspecified>
[+child : <unspecified> = 3
+flat-mate : <unspecified> =4

+MergePolicy : esriMergePolicyType = esriMPTDefaultValue|

«CodedValueDomain»
Coded_Value_Domains::industry_type

«CodedValueDomain»

FFieldType : esriFieldType = esriFieldTypelnteger
+MergePolicy : esriMergePolicyType = esriMPTDefaultValue
+SplitPolicy : esriSplitPolicyType = esriSPTDefaultValue
+Agriculture, hunting and forestry : <unspecified> = 1
+Fishing : <unspecified> =2

+Mining and quarrying : <unspecified> = 3

+Manufacturing : <unspecified> = 4

+Elcctricity, gas and water supply : <unspecified> = 5
+Construction : <unspecified> = 6

Coded_Value_Domains::quality_type

[+FieldType : estiFieldType = esriFieldTypelnteger

L+SplitPolicy : esriSplitPolicyType = esriSPTDefaultValue
+poor : <unspecified> = 1

[+low : <unspecified> = 2

[+medium : <unspecified> = 3

+high : <unspecified> =4

+MergePolicy : esriMergePolicyType = esriMPTDefaultValue|

+Wholesale and retail trade; repair of...vehicles...goods :

«CodedValueDomain»
Coded_Value_Domains::education_type

+Hotels and : <unspecified> =8

+Transport, storage and communication : <unspecified> =9
+Financial intermediation : <unspecified:
+Real estate, renting and business activities : <unspecified>= 11
+Public administration and defence : <unspecified> = 12

[+FieldType : esriFieldType = esriField Typelnteger
+MergePolicy : esriMergePolicyType = esriMPTDefaultValuc|
+SplitPolicy : esriSplitPolicyType = esriSPTDefaultValue
[-none : <unspecified> =1

[+primary or less : <unspecified> = 2

[+lower secondary : <unspecified> = 3

upper secondary : <unspecified> = 4

+post secondary : <unspecified> = 5

+TEI_college : <unspecified>=6

university : <unspecified> = 7

: <unspecified> = 13
|+Health and social work : <unspecified> = 14

+Private houscholds with employed persons : <unspecified> = 16
+Extra-territorial organizations and bodies : <unspecified> =17
+Not Specified : <unspecified> = 18

+Other community, social and personal service activities : <unspecified> = 15|

«CodedValueDomain»
Coded_Value_Domains::renovation_type

+FicldType : csriFieldType = esriFicld Typelnteger

+SplitPolicy : estiSplitPolicyType = esriSPTDefaultValue
+room_addchange : <unspecified> = 1
+structure_renovation : <unspecified> =2
+building_renovation : <unspecified> =3

+MergePolicy : esriMergePolicyType = esriMPTDefaultValue

«CodedValueDomain»

Coded_Value_Domains::sex_type

«CodedValueDomain»
Coded_Value_Domains:;job_search_intensity_type

«CodedValueDomain»
Coded_Value_Domains::employment_type

[+FieldType : esriFieldType = esriFieldTypelnteger
+MergePolicy : esriMergePolicyType = esriMPTDefaultValue]
+SplitPolicy : esriSplitPolicyType = esriSPTDefaultValue
+employee : <unspecified> = 1

+employer : <unspecified> = 2

+self-employed : <unspecified> = 3

+family-worker : <unspecified> =4

+unemployed : <unspecified> = 5

+student : <unspecified> = 6

+family-duties : <unspecified> =7

army-service : <unspecified> = §

+retired : <unspecified> =9

+other inactive : <unspecified> = 10

+school-child : <unspecified>= 11

+FieldType : esriFieldType = esriFieldTypelnteger
+MergePolicy : esriMergePolicyType = esriMPTDefaultValue|
+SplitPolicy : esriSplitPolicyType = esriSPTDefaultValue
+none : <unspecified> = 1

+low : <unspecified> = 2

+high : <unspecified> =3

«CodedValueDomain»
Coded_Value_Domains::marital_status_type

+FieldType : esriFieldType = esriField Typelnteger
+MergePolicy : esriMergePolicyType = esriMPTDefaultValue|
+SplitPolicy : esriSplitPolicyType = esriSPTDefaultValue
+never married : <unspecified> =1

+married : <unspecified> =2

+divorced : <unspecified> = 3

+widow : <unspecified> =4

+cohabitating : <unspecified> = 5

[+FieldType : estiFieldType = esriFieldTypelnteger

L+SplitPolicy : esriSplitPolicyType = esriSPTDefaultValue
+female : <unspecified> =1
[+male : <unspecified> = 2

+MergePolicy : esriMergePolicyType = esriMPTDefaultValug]

«CodedValueDomain»
Coded_Value_Domains::working_time_type

+FieldType : esriFieldType = esriField Typelnteger

+SplitPolicy : esriSplitPolicyType = esriSPTDefaultValue
[ +full-time : <unspecified> = 1
+part-time : <unspecified> =2

+MergePolicy : esriMergePolicyType = esiMPTDefaultValug]

«CodedValueDomain»
Coded_Value_Domains::yes_no_type

[+FicldType : esriFieldType = esriField Typelnteger

+SplitPolicy : esriSplitPolicyType = esriSPTDefaultValue
+yes : <unspecified> = 1
+no : <unspecified> =2

+MergePolicy : esriMergePolicyType = esiMPTDefaultValug]

Figure 43: The URM-Microsim Database Domains
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5.6 Implementation evolution

Once the design model of URM-Microsim is completed, the implementation
phase of system development is initiated. Since all diagrams are created
using the Microsoft Visio 2000 UML CASE tool and will be implemented
in ArcGIS, the class diagram corresponding to the URM-Microsim
Database 1is initially exported to the Microsoft Repository by Microsoft
Visio 2000. Then, the Schema Wizard in ArcGIS ArcCatalog is used to
create the database schema. The database schema is stored in the

repository.mdb Access file.

Once the database is created, then for each activity diagram presented in the
previous sections, code is written in ArcInfo VBA and the program is called
UrbanModel. In particular four modules are created:

e HousingMarket: it is the main module of the program and contains the
main routine; from this routine the HousingDemand and
SearchAndMigration modules are called (executed).

e HousingDemand: it corresponds to the Housing Demand sub-model of
the URM-Microsim activity diagram (Figure 26). In addition, it contains
all routines that simulate the demographic and income and employement
events and correspond to the activity diagrams shown in Figure 27 to
Figure 38.

o  SearchAndMigration: it corresponds to the Residential Search and
Migration sub-model of the URM-Microsim Model activity diagram
(Figure 26). In addition, it contains the dwelling search routines that
correspond to the activity diagrams shown in Figure 40 and Figure 41.

e UrbanModelLibrary: it contains subsidiary routines such as routines for
accessing the temporal information of entities (MaritalStatuslnsert,
MaritalStatusUpdate), a routine for calculating the minimum value of

ten values (Min_Value) etc.
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It should be noted that during the course of model development, parameter
estimation and model application, a number of URM-Microsim elements
were under- or undeveloped. First, the Housing Supply sub-model was not
implemented. All new dwellings and structure conversions are given
exogenously. In addition, rent and market value changes of the dwellings
are also given exogenously. Second, the income event was not implemented
and households do not search for a new dwelling due to income changes.
Third, in job entry and job change events the location of employment is not
taken into consideration. Finally, in-migration event takes into consideration

only one type of in-migrating households: students.

The program may be executed by clicking the Housing Market button
added at the tools toolbar.

5.7 Summary

In this chapter, the design model of URM-Microsim was presented taking
into consideration the implementation platform to be used. Therefore, UML
with ArcInfo extensions (ArcInfo Geodatabase Model) in conjunction with
the Microsoft Visio 2000 UML CASE tool is used for the graphical
representation of the design model. Initially, the behavior of the URM-
Microsim Model and its sub-models (Housing Demand, Housing Supply and
Residential Search and Migration) was presented, that is, the steps the
model goes through, in order to execute the model processes. Next, the
events that occur in the Housing Demand and the Residential Search and
Migration sub-models were presented. In addition, the URM-Microsim
Database was presented, namely, the entities that are of interest as well as

their characteristics and the relationships with each other. Finally,
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implementation issues concerning the implementation of the URM-

Microsim design model were discussed.
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Chapter 6
Data and Synthetic Population Development

6.1 Introduction

This chapter is devoted to applying URM-Microsim with real world data.
The Municipality of Mytilene was chosen as a testing ground for URM-
Microsim. Mytilene was chosen for two practical reasons. First, it is a small
town (about 30.000 population) with a single economy and quite self-
contained. Secondly, since it is the seat of the Department of Geography of
the University of the Aegean, it was reasoned that it would be easier to
collect the required data and in cases where no data are available, realistic
assumption could be made. Section 6.2 presents a short introduction on the
history and background of Mytelene, its population and its housing market.
Section 6.3 presents the population synthesis technique used to produce the
Mytilene data as well as its input data and gives an excerpt of the synthetic
data. Finally, in section 6.4 the probability distributions required by URM-

Microsim are calculated.

6.2 The Mytilene Housing Market

Mpytilene is built on the southeastern coast of Lesvos island (Figure 44 and
Figure 45), one of the islands of the Aegean Sea. It is the largest city and the
capital of the Prefecture of Lesvos, as well as the administrative and
economic centre of the island. The urban planning and the architecture of
the city reflect the needs for spatial organisation according to the political,

economical and social conditions that prevailed in the past.

168



Chapter 6 Data and Synthetic Population Development

AU THOTOAE0 S

.
A SA TG
Hapaohein S HER IS

Kodmog
Kallovijc

Figure 45: The location of the Municipality of Mytilene
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6.2.1 History

From the mid 19th century until the interwar period (1920-1940), Mytilene
experienced important economic and cultural development (Bouvvdtcov,
2002). The economy of Mytilene was based on olive oil production and
trade. Trade activities were extended in all corners of the Mediterranean Sea
and the Black Sea. Historical events such as the Balkan Wars, World War 1,
the Russian Revolution and the Near East Catastrophe as well as the shifts
of the commercial axes altered the favourable economic conditions and set
the stage for a prolonged recession. After 1912, the city experienced
demographic growth due to the liberation of Mytilene from the Ottoman
Empire and the exchange of populations that followed the Near East
Catastrophe in 1922. At that time the city of Mytilene embraced 10.000
refugees causing a significant increase in housing demand, which in turn set
the stage for the reconstruction of the city. At the same time, the
transactions and the communication with Near East were interrupted, with
unfavourable repercussions in the economy of the whole island (mainly in
the trade) and the demographic characteristics. In 1928, the city of Mytilene
had 27.870 inhabitants, in 1940 it had 24.351 inhabitants, and in 1951 it had
28.837 inhabitants.

Thus, from 1912 to 1960 a progressive reconstruction of the city is observed
and the first high rise buildings were erected (Bovvdtcov, 2002). The city
was reorganized and its reconstruction and growth was initiated.
Furthermore, after 1923 the image of the city changed due to the withdrawal
of the Muslims and the settlement of the refugees. New districts were built
and titles of property were conveyed. Despite the repercussions of the Near
East Catastrophe in the economic and social life, commercial activity and

industrial production flourished up until 1940.
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On the contrary, from 1960 to 1974, significant drop in olive oil prices
created and economic crisis accompanied by the massive out-migration of
population to foreign countries (Germany, U.S.A., Australia and Canad) and
large urban centres (Athens and Thessalonica) (Bouvdtcov, 2002). In 1974
the crisis accelerated, owing to the Greek-Turkish crisis and the
reconstruction of the city was held back. After 1974, the reconstruction of
Mytilene restarted and households left old houses to live in new apartments
in blocks of flats. However, the city’s growth was hampered during the
1980s because of the prevailing high interest rates, and was significantly

increased during the 1990s.

In particular, during the 1990s significant public works were financed by the
European Union. Such is the construction of the city’s biological
infrastructure and Marina, and the introduction of new technologies in
critical sectors of the public administration, aiming to provide improved
services to the citizens. Moreover, the governmental policy of
decentralisation led to the establishment of the University of the Aegean
with six of its Departments and the University’s headquarters settled in
Mpytilene. In addition, the governmental policy of decentralised public
administration led to the enactment of the North Aegean Prefecture as well
as the Ministry of the Aegean with their headquarters settled in Mytilene.
These governmental policies activated the development of the city since
they created new places of work and restrained population out-migration,
evoked the in-migration of students and therefore contributed in the
economic growth and prosperity of the city. New building construction as
well as old building conversion was significantly increased to meet the

increase in housing demand (Bovvdtcov, 2002).
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6.2.2 Residence zones

The continuous demographic and economic growth of Mytilene during the
20th century, led to the extension of the residential space to the rural regions
of city, as well as to the configuration of industrial zones round the
harbours. The extension was focused along the north-south axis, the coast
and the two harbours, but the residential development also included the hills
at the western boundaries of the city. Commercial, craft-based, social and
symbolic centre of the city constitutes the Market Street (Ermou Street) that
is extended from north to south connecting the two harbours. The economic
growth of the city kept up with the growth of the southern harbour of the
city, while the northern harbour that was used from the ancient years, was
abandoned in the 18th century, due to the illuviations that did not allow the

mooring of boats.

The residential growth of Mytilene led to the creation of new districts and to
the continuous change of the urban network. However, most districts
maintain up to date the same boundaries and name since the beginning of
the 20th century. The most important residence zones of Mytilene (4rea 1)
starting from north are the following:

e The Sinikoismos residence zone (zonelD= 13) is the district where the
refugees who arrived in Lesvos Island in 1922 settled. The residence
zone was established in 1929 in order to cope with the massive needs of
the refugees for accommodation and takes up the hills westwards of the
Northern harbour.

e The Paidikos Stathmos residence zone (zonelD=12) lies next to the
Sinikoismos district and received many refugees in 1922.

e The Epano Scala residence zone (zonelD= 14) is located at the Northern
harbour and takes up the northern part of the Ermou market street, which

constituted the old Turkish Market. It consisted of the houses of the
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Muslim residents of the city, as well as their cemeteries and temples,
and received many refugees in 1922.

e The Agios Georgios residence zone (zonelD= 15) extends round the
homonym temple at the west side of the Ermou market street.

o The Agias FEirinis (zonelD= 9), Kentriki Agora (zonelD= 10) and
Kamares (zonelD= 11) residence zones mainly consist of commercial
shops, craft-based shops and offices in the Ermou and Kavetsou streets
and include few residences.

e The Koulbara residence zone (zonelD= 21) is a large district that
extends towards the west side of the Castle and east of the Ermou
market street. It includes a large number of small neighbourhoods, with
dense residential layout.

e The Kioski residence zone (zonelD =22) is located at the hills south of
the Koulbara district and the Castle. It constituted one of the aristocratic
districts of Mytilene and included many mansions that are maintained up
to date.

e The Lagada residence zone (zonelD =8) that takes up the western entry
of the city. The district is considerably under populated with small and
low cost houses.

o The Vounaraki residence zone (zonelD =7) was developed at the
beginning of the 20th century at the hill south of the Lagada district.

o The Makris Yalos residence zone (zonelD =6) was initially under
populated and consisted of many mansions along the seacoast with large
courtyards and gardens. After 1960, the residences’ owners sold the
courtyards and gardens to contractors who built large apartment blocks.

e The Sourada (zonelD =18) and Akelidiou (zonelD =19) residence zones
used to be the resorts of the city’s upper class and henceforth have been
included in the urban network. They were relatively under populated

regions, with impressive mansions with large gardens and impressive
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views of the sea. After 1980, the residences’ owners sold the gardens to
contractors who built semi-detached double-deck houses and
maisonettes.

o The Chrisomalousa (zonelD = 1), Kalithea (zonelD = 2), Gipedo
(zonelD = 3), Pirgelia (zonelD = 4), Maura Sidera (zonelD = 5),
Nosokomeio (zonelD = 16), OEK Chrisomalousa (zonelD = 20)
residence zones are over-populated districts at the south-west part of the
city. Up to the mid of the 20th century these districts were regions with
gardens, while in the past decades they developed rapidly with the
construction of large blocks of flats.

e The Halikas(zonelID =17) residence zone used to be a suburb of
Mytilene, is currently included in the urban network of city, and extends
in the slope over the Chrisomalousa district.

e The Vareia (zonelD =23), Neapolis (zonelD =24) and Pligoni (zonelD
=25) residence zones are southern suburbs of Mytilene, that experience a
rapid growth in the last decade since they have a large number of
developable blocks and many maisonettes or semi-detached double-deck

houses are being constructed.

Additionally, a few more residence zones at the southern suburbs of

Mytilene experience a rapid growth during the last decade due to the

developable blocks they have:

o The Agia Marina (zonelD =26) Agia Paraskeui (zonelD =27), Kratigos
(zonelD =28) residence zones (Area 2).

e The Taksiarxon (zonelD =29) residence zone (Area 9).

Finally, is should be noted that the Municipality of Mytilene includes the
Alyfanta (Area 3), Afalona (Area 4), Loutra (Area 5), Moria (Area 6),
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Pamfila (4rea 7) and Panagiouda (4rea 8) villages that are outside the scope

of this work since they are not included in the urban web.
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Figure 46: Mytilene residence zones
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6.3 Population and Housing Stock Data

URM-Microsim is based on a dynamic, spatio-temporal microsimulation
model that requires micro level input data. Since population micro data is
suppressed to maintain confidentiality, a population synthesis technique is
used as a viable alternative to the collection of micro data (Ryan et al.,

2006).

6.3.1 Population synthesis technique

Population synthesis techniques are algorithms that take aggregate
population data, as well as sample population data as inputs, and produce a
complete list of a population’s members, each with associated attribute data,
as output (Ryan et al., 2006). Various types of synthetic populations can be
created to suit different needs such as individuals, households and
dwellings. The basic idea behind population synthesis is that given whatever
population information is available, a list of members of the population is
created, using some algorithm, such that the synthetic population conforms
to the base information. Then it can be said that the synthetic population is
among the set of ‘best possible’ estimates of the actual population, given the
input information. Of course, different algorithms may produce synthetic
populations, which all conform to the input data, but differ in their quality.
This is the result of each algorithm having its own underlying theory, which
may or may not be sound. A common situation is to have input data
consisting of a small sample from the population (generally with no spatial
identifiers), as well as tabulations representing the distribution of population
characteristics over space. It is to this situation that the Combinatorial
Optimisation (CO) technique (Voas and Williamson, 2000), which is used
to produce the data of Mytilene, is particularly well suited.

In the Combinatorial Optimization (CO) method, the study area for which a

population is to be created is normally divided into mutually exclusive and
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exhaustive zones such as census tracts, enumeration areas or traffic analysis
zones. If each member of the synthetic population is to contain certain
attribute variables, then two forms of input data are required by the CO
method. First, a micro sample from the whole population is needed, where
members of the sample contain the attribute variables desired in members of
the synthetic population. Second, tabulations for a sub-set of the desired
attribute variables are required, showing the distribution of those variables
over the zones comprising the study area. For example, if a synthetic
population is to be created with members having the characteristics of sex,
age and height, then the sample members must have values for each of these

variables, and tabulations for at least one of the variables is also required.

The CO method creates a population for each zone in the study area
separately, by fitting a sub-set of the sample to the tabulations for each zone.
First, a randomly selected sub-set of individuals from the sample is selected,
matching the population size of the zone. A statistic is calculated to measure
the fit of this sub-set to the known distributions of characteristics in the
zone. Following this, one of the individuals from the sub-set is switched
randomly with another individual from the sample (with replacement), and
the statistic is calculated again. If the overall fit of the new sub-set is
superior to that of the original sub-set, then the switch is maintained;
otherwise, the original sub-set is maintained. This process is repeated until a
threshold value of the comparison statistic is reached, or a user defined

iteration limit is reached.

A program to execute the CO method was written in C++ and is called the

Synthpop program.
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6.3.2 Base Data

A variety of data sources were used to derive the inputs to the SynthPop

program:

l.

In order to collect the micro sample population data, a questionnaire
was composed within the context of this work based on the
questionnaire used during the National Statistical Census 2001. The
questionnaire is presented in Appendix D. The data was collected by
students who attended the Housing Geography undergraduate course of
the Department of Geography of the University of the Aegean (April —
May 2005). The study area was Chrisomalousa (residence zonelD =1). It
should be noted that 109 questionnaires were filled in, that is, 109
households corresponding to 280 individuals. It is a very small sample
since it corresponds to the 0,82% of the city’s population.

The tabulations representing the distribution of population
characteristics over space were derived from the National Statistical
Service of Greece (NSS) data tables based on the National Statistical
Population Census 2001 data for the Municipality of Mytilene. In
addition, the tabulations representing the distribution of building
characteristics over space were derived from the NSS data tables based
on the National Statistical Census 2000 data for the Municipality of
Mytilene (http://www.statistics.gr/). The tabulations that were used as
inputs to the population synthesis technique are shown in Table 3 to
Table 13.

The rent and market values of dwellings were derived from a real estate
agency research regarding the city of Mytilene (Bouvdtcov, 2002)
(Table 14).

The Arcinfo feature table representing the building block spatial
characteristics was produced by the Spatial Analysis, GIS and Remote
Sensing Laboratory of the Department of Geography of the University
of the Aegean (Table 15).
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5. The

characteristics was derived from the National cadastre AUTOCAD

ArcInfo feature

layers (Table 16).

table

representing

the building

spatial

2 B 88 s ,
S 8| 3z5| g3 § &
2 x| 283 £3 el 3
Q LI S&a= a2 g z
z2 g Tg8 = A e
GEO CODE|PREFECT, AREA ) = 4
MUNICIPALITY
83010000 |OF MYTILENE 37.881]  13.227]  34.465
Area of Mytilene
83010100 |(Area 1) 30.576|  10.877]  28.168
Mytilene
83010101 |(Sub-Area 1.1) 28.950]  10.330|  26.676| 15.146
83010101 028 0000 0 0 0 6
83010101 028 |0002 4 3 4 4
83010101 028 0005 0 0 0 1
83010101 028 0007 5 2 5 5
83010101 028 |0008 33 11 33 17
83010101 028 0010 23 9 22 16
83010101 028|001l 9 5 9 8
83010101 028  |0012 18 5 17 12
83010101 028 0013 31 9 30 12
83010101 028 0014 47 19 46 20
83010101 028 0015 12 6 12 1
83010101 028 0016 60 23 58 31
83010101 028 0017 16 7 17 13
83010101 028 |0018 43 13 41 23
83010101 028  [0019 37 15 37 24
83010101 028 0020 44 12 36 13

Table 3: Excerpt from households, household members and dwellings per building

block
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Area | Area | Area | Area | Area | Area | Area | Area | Area | Grand
AgeCat 1 2 3 4 5 6 7 8 9 Total
0-14 4993 71 44 68 198 | 205 191 114 42 5926
15-24 4647 128 | 303 50| 248| 492 148 87 55 6158
25-39 6973 137 133 97| 274 287| 251 151 61 8364
40-54 6018 134 68 69| 251 245| 269 134 70 7258
55-64 2873 100 41 66 148 133 183 75 36 3655
65-79 3967 106 42 91 270 237 230| 115 72 5130

80+ 1105 24 11 24 61 75 57 22 11 1390
%ff;d 30576 | 700| 642| 465| 1450| 1674 1329| 698| 347| 37881
Table 4: Individuals by age categories and area

Area | Area | Area | Area | Area | Area | Area | Area | Area | Grand
Sex 1 2 3 4 5 6 7 8 9 Total
1481
male 8 395 483 241 758 | 1025 687 341 177 | 18925
1575
female 8 305 159 | 224 | 692 649 | 642 357 170 | 18956
Grand | 3057
Total 6 700 642 | 465 | 1450 | 1674 | 1329 698 347 | 37881
Table 5: Individuals by sex and area
Industry Area | Area | Area | Area | Area | Area | Area | Area | Area | Grand
Sectors 1 2 3 4 5 6 7 8 9 Total
Primary
(NACE
groups A/B) 498 42 14 36 | 191 51 90 23 13 958
Secondary
(NACE
groups C/F) 1672 46 23 48 125 75 68 39 35 2131
Tertiary
(NACE
groups G/Q) | 7856 | 139 | 101 51 195 181 | 231 132 45 8931
Not
Specified 862 31 8 10 12 40 50 10 10 1033
Unemployed 1260 28 17 5 47 51 50 29 19 1506
Grand Total | 12148 | 286 | 163 150 | 570 | 398 | 489 | 233 122 | 14559

Table 6: Employed individuals by occupation per area
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Number
of Area | Area | Area | Area | Area | Area | Area | Area | Area | Grand
Members 1 2 3 4 5 6 7 8 9 Total
1 2609 37 20 40 104 109 117 46 25 3107
2 3093 71 39 62 159 142 134 73 32 3805
3 2453 32 25 36 100 101 108 57 29 2941
4 1968 47 19 33 95 85 93 54 23 2417
5 515 15 5 3 35 29 23 13 10 648
6 175 5 4 4 13 7 10 3 4 225
7 31 1 0 2 3 4 1 1 0 43
8 17 0 0 0 1 2 3 0 0 23
9 7 0 0 0 2 0 0 0 0 9
10 9 0 0 0 0 0 0 0 0 9
Grand
Total 10877 208 112 180 512 479 489 247 123 | 13227
Table 7: Households by number of household members and area
Area | Area | Area | Area | Area | Area | Area | Area | Area | Grand
Rooms 1 2 3 4 5 6 7 8 9 Total
1 375 0 19 3 78 18 19 12 4 528
2 1341 27 28 11 119 67 70 37 41 1740
3 3648 86 68 58 172 127 133 66 59 4416
4 5816 134 55 98 276 202 246 120 54 7000
5 5038 130 65 103 172 327 360 136 27 6358
Grand
Total | 16218 377 235 273 817 741 828 371 185 | 20045
Table 8: Dwellings by number of rooms and area
Area | Area | Area | Area | Area | Area | Area | Area | Area | Grand
Use 1 2 3 4 5 6 7 8 9 Total
Occupied 10324 | 205 109 180 502 474 | 485 240 122 | 12641
Temporarily
vacant 2172 8 17 15 35 32 68 24 3 2374
Vacant
Seasonal 1548 151 84 46 183 180 150 79 41 2462
Vacant 4
rent/sale 2134 13 21 32 96 55 125 20 18 2514
non
conventional
dwellings 3 0 0 0 0 0 0 0 0 3
collective
living
quarters 37 0 4 0 1 0 0 8 1 51
Grand Total | 16218 377 235 273 817 741 828 371 185 | 20045

Table 9: Dwelling use by type of use and are
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Area | Area | Area | Area | Area | Area | Area | Area | Area | Grand
Floors 1 2 3 4 5 6 7 8 9 Total
1 3302 315 205 213 653 442 672 235 80 6117
2 5577 217 110 193 175 429 442 148 115 7406
3 955 4 5 21 141 21 31 1 10 1189
4t06 345 0 1 1 2 1 2 0 1 353
Tplus 14 0 0 0 0 0 0 0 0 14
Grand
Total | 10193 536 321 428 971 893 | 1147 384 206 | 15079
Table 10: Buildings by number of floors and area
Ground
Floor Area | Area | Area | Area | Area | Area | Area | Area | Area | Grand
Parking 1 2 3 4 5 6 7 8 9 Total
No 10106 535 320 428 971 893 | 1124 383 203 | 14963
Yes 87 1 1 0 0 0 23 1 3 116
Grand
Total 10193 536 321 428 971 893 | 1147 384 206 | 15079
Table 11: Buildings by parking availability and area
Area | Area | Area | Area | Area | Area | Area | Area | Area | Grand
Type 1 2 3 4 5 6 7 8 9 Total
RtoD(1) 5933 366 159 260 636 620 724 247 161 | 9106
RtoD(2) 1242 22 13 8 72 33 42 52 13 | 1497
RtoD(3to
5) 658 1 2 11 5 8 5 8 31701
RtoD(6to
15) 212 0 0 3 0 0 1 0 0216
RtoD(16t
030) 45 0 0 0 0 0 0 0 0| 45
RtoD@31p
lus) 2 0 0 0 0 0 0 0 0|2
RtoChurc
hes 67 12 12 12 26 17 13 8 1168
RtoHotels 20 1 19 0 3 0 1 2 0|46
RtoFacto
ries 47 0 7 2 9 25 20 0 0110
RtoSchoo
Is 39 1 2 1 2 2 5 4 1|57
RtoShops
/Office 751 6 30 0 23 35 42 13 0| 900
RtoCar
Parks 0 0 0 0 0 0 0 0 0|0
RtoHospi
tals 1 0 0 0 1 1 0 0 013
RtoOther 504 119 66 125 141 99 244 32 24 | 1354
MtoD(1) 216 3 4 1 31 21 24 11 11312
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Area | Area | Area | Area | Area | Area | Area | Area | Area | Grand
Type 1 2 3 4 5 6 7 8 9 Total
MtoD(2) 82 0 0 0 5 2 4 1 0|94
MtoD(3to
5) 65 0 0 0 0 0 0 3 0| 68
MtoD(6to
15) 57 0 0 0 0 0 0 0 0|57
MtoD(16t
030) 26 0 0 0 0 0 0 0 0|26
MtoD(31
plus) 10 0 0 0 0 0 0 0 0|10
MtoChur
ches 8 2 0 0 0 0 3 0 0113
MtoHotel
S 39 0 0 0 5 1 0 0 0|45
MtoFacto
ries 5 0 2 0 0 4 0 0 011
MtoScho
ols 3 0 0 0 0 1 0 0 0|4
MtoShop
s/Office 111 0 2 2 5 11 5 1 0| 137
MtoCar
Parks 0 0 0 0 0 0 0 0 00
MtoHospi
tals 1 0 0 0 0 0 0 0 0|1
MtoOthe
r 49 3 3 3 7 13 14 2 2196
Grand
Total 10193] 536 321 428 971 893 | 1147 384 | 206 | 15079

Table 12: Buildings by building type and area

Construction | Area | Area | Area | Area | Area | Area | Area | Area | Area | Grand
Period 1 2 3 4 5 6 7 8 9 Total

Before 1919 1223 45 9 60 55| 241 | 438 8 2 2081

1919t01945 3126 55 33 171 | 307 | 298 | 245 99 30 4364

1946t01960 1386 40 31 36 | 129 ] 113 126 57 52 1970

1961t01970 1118 58 23 43 165 62 | 127 37 36 1669

197101980 1088 112 58 28 124 33 50 44 22 1559

1981t01985 662 78 38 18 36 42 26 25 13 938
1986101990 467 40 26 18 39 38 47 36 14 725
1991t01995 436 32 53 24 40 21 46 31 16 699
1996plus 459 46 25 15 27 27 18 33 12 662
Under

construction 171 27 25 15 2 13 23 13 9 298
Not specified 57 3 0 0 47 5 1 1 0 114

Grand Total | 10193 | 536 | 321 | 428 | 971 893 | 1147 | 384 | 206 15079

Table 13: Buildings by construction period and area
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Number of rooms & type specific Rent & Market values per area

Residence Number of rooms Market

zones 1 2 3 4 5or value
more

7,8,10 - 15, 260 280 300 350 370 910

21,22 euros euros euros euros euros euros/m2

(cheap areas)

1-5,16, 20, | 280 300 350 370 400 1200

25 euros euros euros euros euros euros/m2

0,9, 17 - 19, | 300 350 400 420 440 1450

23, 24, 26 — | euros euros euros euros euros euros/m2

29

(expensive

areas)

One dwelling 450 euros 1500

house 'euros/m2

Table 14: Number of rooms & type specific Rent & Market values per area

OBJECTID | code _esye zonelD
1 425 2
2 424 2
3 423 2
4 426 2
5 451 2
6 428 2
7 452 2
8 449 2
9 473 2
10 463 6
11 509 16
12 599 1
13 496 1
14 483 1
15 605 1
16 505 1
17 504 1
18 519 1
19 518 1
20 497 16

Table 15: Excerpt from Building blocks ArcInfo feature table
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OBJECTID | Num of Floors | BLOCK CODE
1 00 212
2 00 212
3 00 212
4 00 212
5 00 212
6 00 212
7 00 212
8 01 212
9 00 25

10 00 60
11 00 25
12 00 25
13 00 25
14 01 25
15 00 25
16 00 25
17 00 25
18 00 25
19 00 25
20 01 25

Table 16: Excerpt from Buildings ArcInfo feature table

6.3.3 Synthetic Data

The output of the SynthPop program is five tables: Individual (Table 17),
Household (Table 18), Dwelling (Table 19), Building (Table 20) and
Building block (Table 21). The population data created refer to the areas of
Mytilene (Area 1), Agia Marina (Area 2) and Taxiarxon (Area 9) and
includes 29085 individuals. Population is composed of individuals linked to

households linked to dwellings linked to buildings linked to blocks.

Initially, the Combinatorial Optimization (CO) method was used to create
the population of individuals from the micro sample population data (size =
280). The tabulations which were used to constrain the synthesis process

were: age X area (Table 4), sex X area (Table 5) and household heads X
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area (Table 7). Once the population of individuals was created, it adopted
additional attributes from the sample. The attributes of individuals are

shown in Table 17.

Then the CO method was used to create the population of households from
the micro sample population data (size = 109). The tabulation used to
constrain the synthesis process was: number of household members X area
(Table 7). Once the population of households was created, it adopted
additional attributes from the sample. The attributes of households are

shown in Table 18.

Next, the list of dwellings was created based on the list of the number of
dwellings, individuals, households and buildings per block (Table 3), the
main use of each building (Table 12) and the number of floors in each
building (Table 16). Each dwelling was assigned semi-randomly to a
building on its block, where buildings having more floors had a
correspondingly higher probability of being assigned dwellings. Based on
the number of dwellings in a dwellings building, the number of rooms was
assigned to each dwelling. The rules for assigning rooms to dwellings were
as follows:
a. A building with one dwelling may have a dwelling with 4 to 7
rooms.
b. A building with two dwellings may have dwellings with 3 to 5
rooms.
c. A building with three or more dwellings may have dwellings with 1
to 4 rooms.
d. Based on the number of rooms and the area, each dwelling was

assigned a rent and market value. (Table 14).
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Buildings were assigned dwellings as described above. The Type attribute of
building denotes the number of dwellings in case of a residential building
and its general use in case of a non-residential building (for example

Shops/Office) (Table 20).

Block data was entirely provided by the National Statistical Service of
Greece (NSS).

Each individual from the synthesized population of individuals was linked

to a household from the synthesized population of households. This was

done in accordance with a set of rules to create “reasonable” households.

The method begins with one-member households and then sequentially

moves through the rest of them as follows:

1. If the Household of an area has only one member then an Individual
from the area is chosen such that he/she is a household head and is never
married, widow or divorced, and he/she is assigned to the Household.

2. 1If the Household of an area has two members then an Individual from
the area is chosen such that he/she is a household head (his/her marital
status is of no importance). Next, the second Individual is chosen such
that if the household head is married or cohabitating then the second
member has the same marital status with the household head, is of
opposite sex, has an age category within (head age category-1, head age
category+1) and has a husband/wife or cohabitee relation to the
household head accordingly. If household head is not married or
cohabitating then the next rule applies.

3. Rules for assigning 3 4™ etc. members to households where the
Household Head is married or cohabitating OR for assigning 2", 3 etc.
members to households where Household head is not married or

cohabitating. The new member:
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a. Can not have a husband/wife or cohabitee relation to the household
head

b. If the new member has a child relation to the household head then
he/she must be one or two age categories younger than the youngest
parent. In addition, the child can be married only if this individual
will not be the last one selected for the family, i.e. other individuals
are remained to be selected after this one.

c. If the new member has a grandson relation to the household head,
then he/she must be two or more age categories younger than the
youngest grandparent.

d. If the new member has a son in law relation to the household head,
then there must already be a married daughter (ie. Female Child) in
the Household. (Vice versa for Daughter in law).

The general rule is to assign as many of the original list of individuals to
households as possible (without replacement), and then if the process gets
stuck near the end of the assignments, another member(s) is taken from the

original list (with replacement), assigning it a new individual ID.

Each household from the synthesized population of households was

randomly linked to a dwelling from the population of dwellings.

Once the population data were created, a new module was written in VBA
and added in the UrbanModel ArcInfo program called Datalnsert. The
module includes all routines necessary to load the data contained in the
aforementioned data tables in the database created based on URM-
Microsim. These routines highly depend on the data model used as well as

the input data.
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Relation
Indiv | HId Age| HId | to Hld | Marital | Education | Employment
ID |ID| Sex |Cat|Head| Head Status Level Status Occupation
1 1|'male’ ['3' |'NO' |'Husband |'married'|" "
2 1|'female'|'3" |'YES' |" 'married' | 'Univers | 'working' High Sch
3] 2|'male' |'3' |'NO' |'Husband |'married'|" "
4| 2|'female'|'3" |'YES'|" 'married' | 'Univers | 'working' High Sch
5 3|'male’ |'3' |'NO' |'Husband |'married'|" "
6| 3|'female'|'3'" ['YES' |" 'married' | 'Univers | 'working' High Sch
7| 4|'male’ |'3' |'NO' |'Husband |'married'|" "
8| 4|'female'|'3' |'YES' |" 'married' | 'Univers | 'working' High Sch
'never
9 5|'female' |2' |'YES' |" marri " 'student’
10| 6|'male’ |'4" |'YES'|" 'married' | 'Univers | 'working' Dentist
'never
11 6 |'female'|2' |'NO' |'Flat-ma |marri " 'student’
'never
12| 6|'male’ |2' |'NO' |'Flat-ma |marri " 'student’
'Family-
13| 6|'female'|'4'" |'NO' |'Husband |'married'|'Primary |duties'
'never
14| 7|'male'’ |'l'" |'NO' |'Grandso | marri " "
15 7 |'male' |'7" |'YES'|" ‘married' | 'Upper s | 'retired’
Table 17: Excerpt from Individual table
Original
Household | Block Number of Sample Dwelling Dwelling
ID Code | Hhld Members Number Ownership ID
1 16 2 70Y 145
2 464 2 701Y 9878
3 501 2 70|Y 11612
4 9999 2 701Y 16840
5 47 1 691Y 899
6 475 4 91Y 10392
7 162 3 65|Y 3005
8 8070 1 20| N 16744
9 91 3 25|N 1674
10 248 3 25N 4853
11 365 1 20| N 6807
12 552 1 20N 13387
13 318 2 51Y 5912
14 418 2 51Y 8441
15 183 2 771Y 3489

Table 18: Excerpt from Household table
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Dwelling | Block Building | Number of
1D Code HHIdNum | Building ID Type Rooms

30 7 vacant 83 1 6

31 7 10273 150 1 4

32 7 9889 167 1 7

33 8 vacant 8897 1 7

34 8 vacant 9912 1 6

35 8 vacant 9911 1 5

36 8 vacant 9913 1 4

37 8 vacant 9907 1 6

38 8 vacant 9905 1 4

39 8 9981 8880 1 4

40 8 10862 9908 1 6

41 8 6806 9909 1 4

42 8 7043 9903 1 7

43 8 12007 9914 1 6

44 8 6425 8913 1 7

45 8 3627 9906 1 5

Table 19: Excerpt from Dwelling table
Private
Building | Number | Block | Hhlds in | Members | Dwellings | Number of

ID of Floors | Code block in block in block | Dwellings | Type
1 0 212 12 31 15 1 1
2 0 212 12 31 15 1 1
3 0 212 12 31 15 1 1
4 0 212 12 31 15 1 1
5 0 212 12 31 15 1 1
6 0 212 12 31 15 1 1
7 0 212 12 31 15 1 1
8 1 212 12 31 15 4 4
9 0 25 17 36 26 1 1
10 0 60 6 16 6 1 1
11 0 25 17 36 26 1 1
12 0 25 17 36 26 1 1
13 0 25 17 36 26 1 1
14 1 25 17 36 26 3 3
15 0 25 17 36 26 1 1

Table 20: Excerpt from Building table
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Sub Area | Block Code | Block Code Num | Private Hhlds | Members | Dwellings
1,1 0000 0 0 0 22
1,1 0002 2 3 4 4
1,1 0003 3 0 0 0
L1 0005 5 0 0 1
1,1 0007 7 2 5 5
1,1 0008 8 11 33 17
1,1 0009 9 0 0 0
1,1 0010 10 9 22 16
1,1 0011 11 5 9 8
1,1 0012 12 5 17 12
1,1 0013 13 9 30 12
1,1 0014 14 19 46 20
L1 0015 15 6 12 11
1,1 0016 16 23 58 31
1,1 0017 17 7 17 13
1,1 0018 18 13 41 23
1,1 0019 19 15 37 24
1,1 0020 20 12 36 13

Table 21: Excerpt from Building block table

6.4 Probabilities

All parameters in URM-Microsim are probability distributions: what is the
probability of a certain event occurring before January 1 of the next year. To
determine whether a certain event will occur, the Monte Carlo sampling
method is used. A random number between 0 and 1 is drawn from a uniform
distribution, and is compared to the event probability (Oskamp, 1995). If the
random number falls in the interval between 0 and the event probability then
the event occurs; if the random number falls in the interval between the

event probability and 1, the event does not occur.

In URM-Microsim each individual of the population is sequentially
subjected to the probability of experiencing each demographic event (death,
fertility, union formation, union dissolution, flat-mate formation, flat-mate

leaving and nest leaving). Since events are simulated sequentially, the order
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of events is of importance mainly for two reasons (Oskamp, 1995). First the
sequence may bias the number of events that occur. For example, if death is
simulated before fertility, women who died may have had a child before
they died. If fertility is simulated before death, births are included of women
who would have died before they gave birth. Second the occurrence of one
event may change the probability of occurrence of another event. For
example, if marriage (union formation) is simulated first, then fertility
probability increases since it depends on marital status. One strategy used in
event ordering is the random dates of event occurring (Oskamp, 1995). This
is a two-step process. The first step only determines if an event will occur,
and if so on which of the 365 days of the year. The second step then
executes the events in the order determined in the first step. In URM-
Microsim it is assumed that an individual may experience only one event in
one simulation period and therefore the second step executes the event that

occurs earlier in the year.

The probability distributions required by URM-Microsim are calculated
from the European Statistics (EUROSTAT) data tables based on 1997-2001
data for North Aegean, Lesvos Island or Municipality of Mytilene
(http://epp.eurostat.ec.europa.cu).

6.4.1 Death event

Mortality is simulated in URM-Microsim using the death probability by sex
and age calculated from the EUROSTAT data tables based on 1997-2001
data for North Aegean as shown in Table 22 and Figure 47.
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Age specific death probability for national & local data 1997-2001
Age in Males Greece Females Greece Males North Aegean Females North Aegean
completed
years Population | Deaths | Probability | Population | Deaths | Probability | Population | Deaths | Probability | Population | Deaths | Probability
Less than 1 269.483 1.730 0,0064 254.288 1.352 0,0053 4.644 24 0,0052 4.524 28 0,0062
1 258.424 93 0,0004 243.736 84 0,0003 4.549 2 0,0004 4.228 3 0,0007
2 259.747 74 0,0003 244.563 48 0,0002 4.662 1 0,0002 4.254 1 0,0002
3 262.066 59 0,0002 247.136 40 0,0002 4.724 3 0,0006 4.276 0 0,0000
4 265.069 51 0,0002 249.091 50 0,0002 4.699 1 0,0002 4.347 0 0,0000
5-9 1.372.586 224 0,0002 1.294.701 166 0,0001 24.798 4 0,0002 22.752 2 0,0001
10-14 1.551.855 295 0,0002 1.460.470 198 0,0001 28.027 5 0,0002 25.826 3 0,0001
15-19 1.874.425 1.393 0,0007 1.758.164 487 0,0003 34.824 17 0,0005 29.641 8 0,0003
20-24 2.034.019 | 2424 0,0012 1.935.774 627 0,0003 31.712 37 0,0012 30.156 6 0,0002
25-29 2.073.204 | 2.428 0,0012 2.006.672 705 0,0004 28.577 28 0,0010 29.467 8 0,0003
30-34 2.033.859 | 2.478 0,0012 2.015.074 906 0,0004 31.191 33 0,0011 30.695 16 0,0005
35-39 1.887.235| 2.799 0,0015 1.899.868 1.199 0,0006 30.353 33 0,0011 29.724 24 0,0008
40 - 44 1.819.853 | 3.971 0,0022 1.831.677 1.810 0,0010 29.574 59 0,0020 28.022 20 0,0007
45-49 1.713.490 | 5.921 0,0035 1.708.903 |  2.669 0,0016 28.217 81 0,0029 27.228 46 0,0017
50 - 54 1.600.228 |  8.969 0,0056 1.632.641 3.861 0,0024 27.854 144 0,0052 28.439 69 0,0024
55-59 1.423.218 | 11.578 0,0081 1.503.671 5.087 0,0034 23.612 154 0,0065 25.386 72 0,0028
60 - 64 1.500.931 | 19.413 0,0129 1.655.089 | 9.232 0,0056 26.871 328 0,0122 29.585 154 0,0052
65 - 69 1.413.216 | 29.450 0,0208 1.592.065 | 16.227 0,0102 29.502 619 0,0210 32.167 302 0,0094
70 - 74 1.113.498 | 39.014 0,0350 1.356.202 | 27.424 0,0202 26.499 885 0,0334 30.804 508 0,0165
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Age specific death probability for national & local data 1997-2001
Age in Males Greece Females Greece Males North Aegean Females North Aegean
completed

years Population | Deaths | Probability | Population | Deaths | Probability | Population | Deaths | Probability | Population | Deaths | Probability
75-179 680.381 | 38.554 0,0567 900.296 | 35.566 0,0395 18.352 1.025 0,0559 22.172 810 0,0365
80 - 84 398.117 | 39.132 0,0983 569.761 | 47.725 0,0838 11.561 1.151 0,0996 15.377 1.159 0,0754
85 and over 346.992 | 59.655 0,1719 495992 | 72.000 0,1452 10.746 1.969 0,1832 13.842 | 2.305 0,1665

Table 22: Age specific death probability for national & local data
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Death Probability by sex and age group 1997-2001
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Figure 47: Death Probability by sex and age group 1997-2001
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6.4.2 Fertility event

For the simulation of childbirth, four sets of probabilities are used: fertility
probabilities, sex ratio at birth, mortality probability of newly born and twin
probability. Within the context of this work age specific fertility
probabilities as well as age and marital status specific probabilities for
national data are calculated from the EUROSTAT data tables based on
1997-2001 data. In addition, age specific fertility probabilities for local data
(North Aegean) are calculated from the EUROSTAT data tables based on
1997-2001 data. A comparison between national and North Aegean data
shows that fertility levels in North Aegean are somewhat higher, and that
women tend to have their children a little earlier (Figure 48). Age and
marital status specific probabilities are not available for local data and
therefore national data are used with corrections to deal with both the
difference in tempo and quantum. The probability that a newly born child is
female is 0,4935 for North Aegean (Table 25 and Figure 50). The mortality
probability of newly born (that is, the probability that a new-born child will
die in the same calendar year) is derived from the first row of Table 22 (that
is, the probability that a newly born child will die under 1 year old) and is
shown in Figure 51. Finally, the probability of a twin birth is 0.1 namely,

the general probability found in researches in the Internet.
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Age specific fertility probability for national & local data 1997-2001

Age in Females Greece Females North Aegean
completed

years Population | Births | Probability | Population | Births | Probability
10-14 1.460.470 329 0,0002 25.826 2 0,0001
15-19 1.758.164 | 19.119 0,0109 29.641 400 0,0135
20-24 1.935.774 | 97.120 0,0502 30.156 | 2.117 0,0702
25-29 2.006.672 | 176.448 0,0879 29.467 | 3.116 0,1057
30-34 2.015.074 | 149.874 0,0744 30.695 | 2.187 0,0712
35-39 1.899.868 | 55.152 0,0290 29.724 738 0,0248
40 - 44 1.831.677 9.954 0,0054 28.022 144 0,0051
45-49 1.708.903 917 0,0005 27.228 11 0,0004
50 and
over 3.136.312 211 0,0001 53.825 0 0,0000

Table 23: Age specific fertility probability for national & local data

Live Births by mother's age group 1997-2001
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Figure 48: Live Births by mother's age group 1997-2001
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Age & marital status specific fertility probability for national & local data 1997-2001

Females North
Females Greece Aegean

Age in In Not Outside In Outside
completed | Married | marriag Married |marriage marriage | marriage

years Females |e Births [ Prob | Females Births Prob Prob Prob
10-14 584 1321 0,22595| 1.459.886 197] 0,00013| 0,07768| 0,00005
15-19 39.130| 15.213]0,38878| 1.719.034 3.906| 0,00227| 0,48247| 0,00282
20-24 342.245( 91.690]0,26791 | 1.593.529 5.430| 0,00341] 0,37487| 0,00477
25-29 1.033.153| 172.105] 0,16658 973.519 4.343] 0,00446| 0,20033| 0,00536
30-34 1.535.683 [ 146.646| 0,09549 479.391 3.228| 0,00673] 0,09148( 0,00645
35-39 1.605.357 53.169] 0,03312 294.511 1.983| 0,00673] 0,02833( 0,00576
40 - 44 1.580.618 9.3371 0,00591 251.059 617] 0,00246| 0,00559| 0,00232
45 - 49 1.468.760 871 0,00059 240.143 46| 0,00019| 0,00045| 0,00014
>=5( 2.587.583 1971 0,00008 548.729 14| 0,00003| 0,00000( 0,00000

Table 24: Age & marital status specific fertility probability for national & local data

Live Birth Probability

Live Births by mother's age group & marital status
1997-2001
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Figure 49: Live Births by mother's age group & marital status - N. Aegean 1997-2001
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Living Newly Born Sex Probabilit

Age in completed years Population Greece Population North Aegean
1997-1998 Total Males Females | Total Males Females
Less than 1 1997 100.043 51.134 48.909 1.819 904 915
Less than 1 1998 101.440 52.281 49.159 1.753 967 786
Less than 1 1999 100.241 51.629 48.612 1.706 856 850
Less than 1 2000 100.024 51.542 48.482 1.734 861 873
Less than 1 2001 122.023 62.897 59.126| 2.156 1.056 1.100
Less than 1 Total 523.771| 269.483| 254.288| 9.168 4.644 4.524
Sex Probability 0,5145 0,4855 0,5065 0,4935
Table 25: Living Newly Born Sex Probability
Living Newly Born Sex Probability 1997-2001
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Figure 50: Living Newly Born Sex Probability 1997-2001
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Mortality probability of newly born (under 1 year
old) 1997-2001
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Figure 51: Mortality probability of newly born (under 1 year old) 1997-2001

6.4.3 Union formation event

In URM-Microsim three types of union formation are distinguished:
marriage, cohabitation and marriage of cohabitating partners. The latter is,
technically, not a union formation since no partner search takes place, just a

change in partners’ marital status.

Union formation probabilities are not available for Greece and therefore
marriage probabilities are used. This is not a large misspecification since in
Mytilene most partners do not cohabitate: they live in separate households
until they get married. If partners cohabitate then either at least one of them
comes for another municipality (in-migration) or they get married shortly
after cohabitation. It should be noted that the questionnaire data analysis
points out that each year roughly one (1) household of cohabiters is formed
out of 109 households. The cohabitation probability is calculated from the

questionnaire data analysis and is shown in Table 29.
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Sex and age specific marriage probabilities are calculated from the NSS
data tables based on 1998-2001 data for Greece (Table 26). In addition, the
probabilities male of age x marrying female of age y as well as the
probabilities female of age x marrying male of age y are calculated from the
NSS data tables based on 1998-2001 data for Greece as shown in Table 27
and Table 28 respectively. These probabilities are calculated from marriages
that actually took place. Marriages that were planned but could not be
effectuated due to lack of housing opportunities are not taken into
consideration. This implies that the model needs intension marriage
probabilities. Since these are not available, probabilities based on actual

behavior are used.

If two partners forming a union are both singles that is they both have their
own dwellings then a decision must be made on whose dwelling to keep. As
no statistical data exist, a common sense rule is implemented in URM-
Microsim. If one of the partners is owner-occupant then the new couple will
keep the owner-occupied dwelling. If both partners are renters or owner-
occupants then they will keep the larger of the two dwellings. In case of two
dwellings of the same size, the partners will keep the female’s dwelling. If
only one of the partners has a dwelling then the couple will naturally live
there. If neither partner has a dwelling of his/her own, then a new dwelling

has to be found.

In case of marriage of cohabitating partners no statistics exist, and the
probability that a cohabitating couple decides to get married is assumed to

be 0.5.
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Marriage Probability by age of unmarried population Greece 1998-2001

Males Greece Females Greece
Age Not . - Not . ore

Group Married Marriages | Probability Married Marriages | Probability
<15 1.222.162 18 0,0000| 1.148.143 301 0,0003
15-19 1.487.701 1.731 0,0012| 1.361.684 13.703 0,0101
20-24 1.632.466 22.215 0,0136| 1.275.427 61.184 0,0480
25-29 1.663.924 76.342 0,0459 780.155 82.106 0,1052
30-34 1.646.297 66.891 0,0406 387.214 39.253 0,1014
35-39 1.517.618 27.836 0,0183 236.735 13.410 0,0566
40-44 1.468.135 12.490 0,0085 202.919 6.103 0,0301
45-49 1.379.467 6.113 0,0044 193.399 3.376 0,0175
50-54 1.294.397 3.777 0,0029 213.850 2.178 0,0102
55-59 1.127.836 2.156 0,0019 223.845 1.047 0,0047
60-64 1.195.398 1.664 0,0014 340.768 745 0,0022
65-69 1.136.667 1.290 0,0011 445.382 371 0,0008
70-74 912.629 880 0,0010 536.509 184 0,0003
>=T75 1.148.950 622 0,0005| 1.160.974 64 0,0001

Table 26: Marriage Probability by age of unmarried population Greece 1998-2001

Marriage Probability by age of unmarried population
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Figure 52: Marriage Probability by age of unmarried population Greece 1998-2001
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Probability Male of age x marrying Female of age y Greece 1998-2001
Female Age Group
Male Age Group | <15 years | 15-19 | 20-24 | 25-29 | 30-34 | 35-39 | 40-44 | 45-49 | 50-54 | 55-59 | 60-64 | 65-69 | >=70
<15 0,0000 | 0,0000 | 0,0000 | 0,0000 | 0,0000 | 0,0000 | 0,0000 | 0,0000 | 0,0000 | 0,0000 | 0,0000 | 0,0000 | 0,0000
15-19 0,0001 | 0,0008 | 0,0002 | 0,0000 | 0,0000 | 0,0000 | 0,0000 | 0,0000 | 0,0000 | 0,0000 | 0,0000 | 0,0000 | 0,0000
20-24 0,0001 | 0,0036 | 0,00770,0018 | 0,0003 | 0,0001 | 0,0000 | 0,0000 | 0,0000 | 0,0000 | 0,0000 | 0,0000 | 0,0000
25-29 0,0000 | 0,0028 | 0,0178 | 0,0212 | 0,0034 | 0,0005 | 0,0001 | 0,0000 | 0,0000 | 0,0000 | 0,0000 | 0,0000 | 0,0000
30-34 0,0000 | 0,0009 | 0,0087 | 0,01870,0104 | 0,0016 | 0,0003 | 0,0001 | 0,0000 | 0,0000 | 0,0000 | 0,0000 | 0,0000
35-39 0,0000 | 0,0002 | 0,0021 | 0,0062 | 0,0064 | 0,0027 | 0,0006 | 0,0001 | 0,0000 | 0,0000 | 0,0000 | 0,0000 | 0,0000
40-44 0,0000 | 0,0000 | 0,0005 | 0,0018 | 0,0027 | 0,0021 | 0,0010 | 0,0003 | 0,0001 | 0,0000 | 0,0000 | 0,0000 | 0,0000
45-49 0,0000 | 0,0000 | 0,0001 | 0,0006 | 0,0010 | 0,0011 | 0,0010 | 0,0005 | 0,0001 | 0,0000 | 0,0000 | 0,0000 | 0,0000
50-54 0,0000 | 0,0000 | 0,0001 | 0,0002 | 0,0004 | 0,0006 | 0,0007 | 0,0006 | 0,0003 | 0,0001 | 0,0000 | 0,0000 | 0,0000
55-59 0,0000 | 0,0000 | 0,0000 | 0,0001 | 0,0001 | 0,0002 | 0,0004 | 0,0004 | 0,0004 | 0,0002 | 0,0001 | 0,0000 | 0,0000
60-64 0,0000 | 0,0000 | 0,0000 | 0,0000 | 0,0001 | 0,0001 | 0,0002 | 0,0003 | 0,0003 | 0,0002 | 0,0001 | 0,0000 | 0,0000
65-69 0,0000 | 0,0000 | 0,0000 | 0,0000 | 0,0000 | 0,0001 | 0,0001 | 0,0002 | 0,0003 | 0,0002 | 0,0002 | 0,0001 | 0,0000
>=70 0,0000 | 0,0000 | 0,0000 | 0,0000 0,0000 | 0,0000 | 0,0001 | 0,0001 | 0,0002 | 0,0002 | 0,0002 | 0,0001 | 0,0001

Table 27: Probability Male of age x marrying Female of age y Greece 1998-2001
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Marriage Probability

Probability Male of age x marrying Female of age y Greece

1998-2001
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Figure 53: Probability Male of age x marrying Female of age y Greece 1998-2001

206



Chapter 6 Data and Synthetic Population Development

Probability Female of age x marrying Male of age y Greece 1998-2001
Female Age Group
Male Age Group | < 15 years | 15-19 | 20-24 | 25-29 | 30-34 | 35-39 | 40-44 | 45-49 | 50-54 | 55-59 | 60-64 | 65-69 | >=70
<15 0,0000 | 0,0000 | 0,0000 | 0,0000 | 0,0000 | 0,0000 | 0,0000 |0,0000 |0,0000 | 0,0000 |0,0000 | 0,0000 | 0,0000
15-19 0,0001 | 0,0009 | 0,0002 | 0,0001 | 0,0000 | 0,0000 | 0,0000 |0,0000 |0,0000 |{0,0000 |0,0000 | 0,0000 | 0,0000
20-24 0,0001 | 0,0044 | 0,0099 | 0,0038 | 0,0012 | 0,0004 | 0,0001 | 0,0000 | 0,0000 | 0,0000 | 0,0000 | 0,0000 | 0,0000
25-29 0,0000 | 0,0035 |0,0232 | 0,0452 | 0,0148 | 0,0033 | 0,0007 | 0,0003 | 0,0001 | 0,0000 | 0,0000 | 0,0000 | 0,0000
30-34 0,0000 | 0,0010 |0,0113 | 0,0394 | 0,0442 | 0,0109 | 0,0024 | 0,0005 | 0,0002 | 0,0000 | 0,0000 | 0,0000 | 0,0000
35-39 0,0000 | 0,0002 |0,0026 | 0,0120 | 0,0252 | 0,0171 | 0,0044 | 0,0010 | 0,0002 | 0,0001 | 0,0000 | 0,0000 | 0,0000
40-44 0,0000 | 0,0001 | 0,0006 | 0,0033 | 0,0103 | 0,0133 | 0,0073 | 0,0020 | 0,0004 | 0,0001 | 0,0000 | 0,0000 | 0,0000
45-49 0,0000 | 0,0000 | 0,0002 | 0,0010 | 0,0036 | 0,0064 | 0,0065 |0,0033 | 0,0009 | 0,0001 | 0,0000 | 0,0000 | 0,0000
50-54 0,0000 | 0,0000 | 0,0001 | 0,0003 | 0,0012 | 0,0030 | 0,0046 | 0,0041 | 0,0019 | 0,0003 | 0,0001 | 0,0000 | 0,0000
55-59 0,0000 | 0,0000 | 0,0000 | 0,0001 | 0,0004 | 0,0011 | 0,0020 |0,0026 | 0,0020 | 0,0008 | 0,0002 | 0,0000 | 0,0000
60-64 0,0000 | 0,0000 | 0,0000 | 0,0000 | 0,0002 | 0,0005 | 0,0011 |0,0018 | 0,0019 | 0,0011 | 0,0005 | 0,0001 | 0,0000
65-69 0,0000 | 0,0000 | 0,0000 | 0,0000 | 0,0001 | 0,0003 | 0,0006 |0,0010 | 0,0014 | 0,0010 | 0,0006 | 0,0002 | 0,0000
>=70 0,0000 | 0,0000 | 0,0000 | 0,0000 | 0,0000 | 0,0001 |0,0002 |0,0006 | 0,0007 | 0,0006 | 0,0005 | 0,0003 | 0,0001

Table 28: Probability Female of age x marrying Male of age y Greece 1998-2001
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Probability Female of age x marrying Male of age y Greece
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Figure 54: Probability Female of age x marrying Male of age y Greece 1998-2001
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Cohabitate Probability Mytilene Questionnaire 2005
Total Population 2005 280
Not Married Population 2005 166
Mean Number of Cohabitates 2000-2005 1,6667
Cohabitate Probability 0,0100

Table 29: Cohabitate Probability Mytilene 2005

6.4.4 Union dissolution event

Table 30 and Figure 55 show the divorce rates EUROSTAT data table by
duration of marriage based on 1997-1999 data for Greece. For each
calendar year n, if the number of divorces ranked according to the duration
of marriage in years X is available, divorce rates by duration of marriage can
be calculated by relating the number of divorces at the end of x years of
marriage to the number of marriages in year n-x. Age specific marriage
duration probabilities are calculated from the NSS data tables based on
2001 data for Mytilene as shown in Table 31 and Figure 56. The age is the
age of the female partner of marriage. For each married individual, the
duration of his/her marriage is calculated based on the probabilities of Table
31. Next, the individual is subjected to the probability of divorcing based on
his/her years of marriage (Table 30).

In case of de-habitation no statistics exist, and the probability of union
dissolution of cohabiters is 0.1 namely, the general probability found in

researches in the Internet.

In URM-Microsim union dissolution is subject to housing opportunities: a
union cannot dissolve if there is no available dwelling for the leaving
partner. This implies that the model needs intension union dissolution

probabilities. Since these are not available, probabilities based on actual
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behavior are used. In the case of union dissolution this is not a
misspecification since it is not very likely, that partners who want their
union to dissolve will decide against it because no housing is available. It is
more likely that the leaving partner will move in with his/her parents,
occupy a dwelling, which is not according to his/her needs, or move out of
the municipality. It should be noted that the questionnaire data analysis

points out that 3 out of 5 divorced individuals are living with their parents.

As a union dissolves, it should be decided whether the female or the male
moves out of the dwelling and who keeps the children. In Greece custody is
granted to the mother. Therefore, the children stay with the mother and any
singles in the household are assumed to be the mother's parents. In URM-
Microsim the probability that the male moves out is 0.85 since the dwelling
in which a couple lives usually belongs to the female (there is a custom in
Mytilene according to which a bride should have a house) and even if this is

not the case, a male allows his partner and children to keep the house.

The leaving partner is subjected to the probability of out-migrating. The
partner is highly probable to out-migrate if he/she is a citizen of another
Municipality. In Table 32 the divorced out-migration probability is
calculated from the NSS data tables based on 2001 data. It should be noted
that the difference between divorced females and males could be owed to
the fact that divorced males have got re-married or the fact that divorced
females that lived in another municipality returned to the parental
municipality (in-migration) after the divorce. However, since these are the
only data available it is decided to use them in order to have a rough

estimate of the divorced out-migrate probability.
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Divorce Rates By Duration Of Marriage Greece 1997-1999 EUROSTAT data table

Duration of marriage reached during the year
Year
Less 10to | 15to | 20to | 25to | 30 or
than 1 1 2to4 | 5to9 14 19 24 29 more
1997 | 0,0000 | 0,0023 | 0,0092 | 0,0085 | 0,0054 | 0,0040 | 0,0025 | 0,0018 | 0,0083
1998 | 0,0000 | 0,0014 | 0,0084 | 0,0076 | 0,0051 | 0,0032
1999 | 0,0000 | 0,0016 | 0,0106 | 0,0093 | 0,0060 | 0,0041 | 0,0026 | 0,0028
Total | 0,0000 | 0,0018 | 0,0094 | 0,0085 | 0,0055 | 0,0038 | 0,0026 | 0,0023 | 0,0083
Table 30: Divorce Rates By Duration Of Marriage Greece 1997-1999
Divorces rates by duration of marriage reached during the
year Greece 1997-1999
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Figure 55: Divorces rates by duration of marriage
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Female’s age specific Marriage Duration probability Mytilene 2001

Marriage Female’s Age in completed years

Duration | 1519 | 20-24 | 2529 | 30-34 | 35-39 | 40-44 | 4549 | 50-54 | 55+
1 year 0,0457] 0,2690 | 0,3147| 0,1726 | 0,0508 | 0,0305] 0,0152]0,0152|0,0863
2to 4 0,0238 0,1997 0,3592| 0,2191 | 0,0760 | 0,0358| 0,0119|0,0134 |0,0611
5to9 0,0020 | 0,0602 | 0,2929 | 0,3320 | 0,1494 | 0,0652 | 0,0241 |0,0160 | 0,0582
10 to 14 | 0,0000| 0,0020 | 0,0897 | 0,3675| 0,2611 | 0,1143 | 0,0414]0,0305 | 0,0936
15to 19 | 0,0000| 0,0000 | 0,0043 | 0,1298 | 0,3564 | 0,2383 | 0,1074|0,0468|0,1170
20 to 24 | 0,0000 | 0,0000| 0,0000| 0,0049| 0,1430| 0,3619 | 0,2298 |0,0937|0,1667
25t029 | 0,0000 | 0,0000 | 0,0000| 0,0000| 0,0031| 0,1454| 0,3402|0,2443]0,2670
>=30 0,0000 | 0,0000| 0,0000| 0,0000 | 0,0000 | 0,0008 | 0,03590,11830,8450

Table 31: Female’s age specific Marriage Duration probability Mytilene 2001

Marriage Duration probability
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Figure 56: Female’s age specific Marriage Duration probability Mytilene 2001

Divorced Out-Migrate Probability Prefecture of Lesvos 2001
Population Divorced
Total 2.705
Males 1.148
Females 1.557
The difference between divorced females &
males 409
Divorced Out-Migrate Probability 0.1516

Table 32: Divorced Out-Migrate Probability Prefecture of Lesvos 2001
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6.4.5 Nest leaving event
In URM-Microsim nest leaving is defined as the process of leaving the
parental home to live alone. Children leaving the parental home to live

together (cohabitation or marriage) are treated in the union formation event.

Nest leaver may choose to live inside Mytilene or outside. Therefore, each
individual of age 18 and above, who still lives with his/her parents is
initially subjected to the probability of out-migrating. According to the
School Administrative Unit of Lesvos, 60% of school children of age 18 to
20 succeed in the Panellenic examinations and are accepted in University
Departments most of which reside in other municipalities. Although some of
these school children may be accepted in one of Mytilene’s University
Departments (Mytilene has six University Departments) or they may decide
to remain in Mytilene and take part in the next year’s Panellenic
examinations, the majority of nest leavers for reasons of education will
move out of Mytilene. In addition, there are a proportion of children of age
18 and above, who out-migrate for work-related reasons (for example to
search for a job in Athens or to work in the Army). Children that choose to
live outside reach this decision independently of the housing market
opportunities within the municipality. The child out-migrate probability is

0.6 and is calculated from the School Administrative Unit of Lesvos.

The rest of the children of age 18 and above, either already work or once
they graduate high school they search for a job in Mytilene. In Mytilene
children do not often leave the parental home to live alone. They usually
live with their parents until they get married. This also applies to children
who out-migrated for educational reasons and returned to Mytilene once
they completed their studies. The nest leaving probability is calculated from
the questionnaire data analysis and is shown in Table 33. It should be noted

that nest leaving is a process which highly depends on housing market
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opportunities: dependent children wishing to leave the parental home may
only do so if housing is available. This implies that the model needs
intension nest leaving probability. Since this is not available, the probability

based on actual behavior is used.

Nest Leaving Probability Mytilene Questionnaire 2005
Number of Children of age >= 18 38
Mean Number of Nest Leavers 2000-2005 0,6667
Nest Leaving Probability 0,0175

Table 33: Nest Leaving Probability Mytilene 2005

6.4.6 Flat-mate formation event

In URM-Microsim flat-mate formation is defined as the process during
which an individual who lives on his/her own or flat-mates with others in a
rented dwelling finds another individual of the same sex to flat-mate. Flat-
mate formation is a common practice especially for students and Army

officers.

The flat-mate formation probability is calculated from the questionnaire data
analysis and is shown in Table 34. This probability is calculated from flat-
mate formations that actually took place. Formations that were planned but
could not be effectuated due to lack of housing opportunities are not taken
into consideration. This implies that the model needs intension flat-mate
formation probability. Since this is not available, the probability based on

actual behavior is used.

If two individuals deciding to flat-mate both live on their own, that is, they
both have their own dwellings, then a decision must be made on who’s
dwelling to keep. As no statistical data exist, a common sense rule is

implemented in URM-Microsim. The two flat-mates will keep the larger of
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the two dwellings. In case of two dwellings of the same size, the flat-mates
will keep the cheaper dwelling. If only one of the flat-mates lives on his/her
own and therefore has a dwelling, then the flat-mates will naturally live
there. If neither flat-mate has a dwelling of his/her own, then a new dwelling

has to be found.

Flat-mate Formation & Leaving Probabilities Mytilene Questionnaire 2005
Students/Military Workers etc Population 25 %
Flat-mate 8 32
Living alone 15 60
Number of flat-mate formation persons 2
Flat-mate Formation Probability 0,08
Number of flat-mate dissolution persons 2
Flat-mate Dissolution Probability 0,08

Table 34: Flat-mate Formation & Leaving Probabilities Mytilene 2005

6.4.7 Flat-mate leaving event
In URM-Microsim flat-mate leaving is defined as the process of leaving the
flat-mate house to live alone. Flat-mates leaving the flat-mate house to live

together are treated in the flat-mate formation event.

A flat-mate may choose to live inside the Mytilene or outside. Therefore,
each flat-mate is initially subjected to the probability of out-migrating. It
should be noted that most students leave Mytilene once they have completed
their studies. Since no statistical data are available, it is assumed that the
out-migration probability of a student of age 25 and above is 0.9, while all

other flat-mates’ out-migration probability is 0.1.

The flat-mate leaving probability is calculated from the questionnaire data
analysis and is shown in Table 34. It should be noted that flat-mate leaving
is a process, which highly depends on housing market opportunities: flat-
mates wishing to leave the flat-mate house may only do so if housing is

available. This implies that the model needs intension flat-mate leaving
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probability. Since this is not available, the probability based on actual

behavior is used.

6.4.8 Out-migration event

In URM-Microsim all households that fail to find a dwelling (except in-
migrating households) are subjected to the probability of out-migrating. The
out-migration probability highly depends on the type of event experienced
by the household. For example, the leaving partner of a union is more likely
to out-migrate in another municipality in case of dwelling search failure,
than the household whose size increases due to childbirth. Since no
statistical data are available, event specific out-migration probabilities are
assumed, taking into consideration the fact that households would substitute
one or more of their search criteria to obtain a dwelling in the area of

Mpytilene, and are shown in Table 35.

Out-Migration

Event Probability

Total 0.4
Death 0,05
Fertility 0,05
Nest Leavers 0,01
Union dissolution Leaver 0,1
Union formation Leavers 0,05
Union formation (one dwelling) 0,01
Flat-mate formation Leavers 0,05
Flat-mate formation (one dwelling) 0,01
Flat-mate leaving Leaver 0,05
Stayers 0,01

Table 35: Event specific Out-migration probabilities

6.4.9 In-migration event

Within the housing market system of Mytielene, the most important
categories of in-migrating households are:

1. Students. According to the information available in the site of the

University of the Aegean (www.aegean.gr), each year about 700
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2.

3.

students are accepted in the Departments of the University that are
located in Mytilene. In addition, the probability that an in-migrating
student is female is 0.51. Moreover, according to the Mytilene
Questionnaire 40% of students flat-mate mostly in pairs (at least when
in-migrating), that is 280 students (140 households), and the remaining
60% of students live alone, that is 420 students (420 households).
Therefore, it is assumed that each year about 560 households in-migrate.
Military men. Another category of in-migrating households is Military
men and their families who are obliged by their job to move from town
to town every two to five years. Since the Lesvos Island and Mytilene
are at the bounds of Greece, a large number of military camps are
located at the boundaries of the city.

Foreigners. About 2.000 foreigners, who mostly come from East
Europe, live in Lesvos Island. A significant number of the above
mentioned lives and works in the city of Mytilene.

Urbanization. Individuals and households move from other villages of

the island to Mytilene, usually searching for better job opportunities.

Since the only statistics available concern student in-migration and it is

estimated that it constitutes the largest in-migration category, the remaining

categories were not taken into consideration.

6.4.10 Education event

In URM-Microsim sex and age specific education probabilities for national
data are calculated from the EUROSTAT data tables based on 2001 data
(Table 36 and Figure 57).
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Age specific Education probability for national data 2001

Highest level of Males — Age Females -Age
educational

attainment 15-24 | 25-34 | 35-54 | 55-74 | 15-24 | 25-34 | 35-54 | 55-74
1. No education at all |0,0111|0,0134|0,0123|0,0373]0,0101 | 0,0110|0,0150 | 0,1085
2. Primary or less 0,13320,15270,3271|0,61870,0915 | 0,1253 | 0,3931 | 0,6757

3. Lower secondary 0,31090,15090,1022]0,0578 | 0,2834 [ 0,1211 | 0,0889 | 0,0369

4. Upper secondary 0,4493/0,4117|0,3101]0,1607 0,4720 | 0,3929 | 0,2963 | 0,1262

5. Post secondary 0,04950,0569 | 0,0344 10,0146 10,0827 | 0,0885 | 0,0368 | 0,0085

6. Tertiary 0,04610,21440,2138]0,1108]0,0603 [ 0,2612 | 0,1698 | 0,0442

Table 36: Age specific Education probabilities Greece 2001
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Figure 57: Age specific Education probability Greece 2001

6.4.11 Demand change event

In URM-Microsim all households that do not experience a demographic or
income change event are subjected to the probability of demand changing.
Since no statistical data are available and no realistic assumption can be

made, a low demand change probability is assumed (0.001).

6.4.12 Residential search and migration use case
Finding and securing a dwelling and being successful in housing search is a
process governed by a number of probabilities. First there is the acceptance

probability: will the searching household accept the dwelling offered? The
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acceptance probabilities are disaggregated by the four dimensions of the
housing aspirations that are of importance (primary dimensions), namely
size (number of rooms), price, type and tenure. The desired dimensions of a
dwelling highly depend on current household tenure (if any) and on the
event experienced by the household. The probabilities that determine the
desired dwelling are calculated from the Mytilene Questionnaire data and
are shown in Table 38. As mentioned in Chapter 5, dwellings are defined
by seven dimensions. However no statistics are available to determine the
remaining three dimensions of a dwelling (secondary dimensions): structure
condition, amenities (garden, parking etc), and neighborhood quality.
Therefore, the probability that a household may reject an offered dwelling
that has all desired primary dimensions but falls short of the secondary
dimensions, should be taken into consideration. That is why the
OwnerAcceptance and the RenterAcceptance probabilities are used namely
the probability of an owner to accept the offered dwelling and the
probability of a renter to accept the offered dwelling correspondingly. These
probabilities are calculated from the Mytilene Questionnaire data and are

shown in Table 37 and Table 38.

Aside from the probabilities discussed above, search intensity is an
important factor governing the housing search process. As mentioned in
Chapter 4, all households do not have an equally strong desire to find a
new dwelling; the search intensity with which a household searches for a
new dwelling depends on the event that triggers the desire to move and
determines the number of dwellings the household will be offered. The
number of dwelling offers highly depends on the housing market

opportunities.
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Ownership specific Residential Search probabilities
Mytilene Questionnaire 2005

Num of Households 109
Num of Households searching 16
Probability of Household searching 0,1468
Num of Owner Households searching 6
Probability of Owner Household searching

(pOwnerAcceptance) 0,375
Num of Owner Households search for a dwelling to buy 4
PownerBuy 0,67
Num of Owner Households search for a dwelling to rent 2
PownerRent 0,33
Num of Renter Households searching 10
Probability of Renter Household searching

(pRenterAcceptance) 0,625
Num of Renter Households search for a dwelling to buy 5
PrenterBuy 0,5
Num of Renter Households search for a dwelling to rent 5
PrenterRent 0,5

Table 37: Ownership specific Residential Search probabilities Mytilene 2005

Event and Search Criteria specific Residential Search probabilities
Mytilene Questionnaire 2005
g | g
3| g
lel.lzl B %

e 2 2(8€ £ < . |z
S| EIZ|E| §| 8| B |Z
18|22 82| I |8
Al alalel & 2 2 2

0,375 10,625

Death 0,6710,3310,2 10,8 0,06 | 0,06 0,0110,5

Fertility 0,6710,3310,510,5| 0,06| 0,06 0,9 (0,5

Nest Leavers 0 010,2/0,8 0l 0,8 0,110,5

Stayers 0,6710,3310,510,5(0,015] 0,03 0,4 0,5

if mother &
children
leave then

\Union dissolution Leaver 0 010,2/0,8 0| 0,90,5else 0,1 0,5

[Union formation Leavers 0l 010,5/0,5 0| 0,06 0,110,5

\Union formation (one dwelling) 0,6710,3310,510,5] 0,06 0,03 0,410,5

Flat-mate formation Leavers 0| 0] 0 0] 0,06 0,110,5

[Flat-mate formation (one dwelling)| 0| 0] 0] 1 00,03 0,6 10,5

[Flat-mate leaving Leaver 0 0] 0] 1 0| 0,06 0,110,5

[Flat-mate Stayers 0o 0] 0] 1 0| 0,03 0,210,5

In-migration students 0| 0] 0] 1 0| 09 0,110,8

Demand change 0,671(0,3310,510,5] 0,18 (0,205 0,510,5

Table 38: Event & Search Criteria specific Search probabilities Mytilene 2005
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6.5 Summary

This chapter was devoted to applying URM-Microsim in the real world. The
Municipality of Mytilene was chosen as a testing ground for URM-
Microsim. Initially, a short introduction on the history and background of
Mpytilene, its population and its housing market were presented. Next, the
population synthesis technique used to produce the Mytilene data was
presented as well as its input data and an excerpt of the synthetic data is
given. Finally, the probability distributions required by URM-Microsim are

calculated.
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Chapter 7

Results and Discussion

7.1 Introduction

This chapter focuses on the performance of URM-Microsim. Once the
system is loaded with the Mytilene data, it is executed in order to simulate
the population and housing market developments. Then, the issue of model
efficiency arises: how well does the model simulate reality? Section 7.2
discusses the notion of system calibration, presents the series of simulations
carried out for URM-Microsim and discusses the simulation results. Next, in

section 7.3 the notion and methods of system validation are discussed.

7.2 Calibration

Once URM-Microsim is loaded with the Mytilene data for 2001, it is
executed in order to simulate the population and housing market
developments on a yearly basis. During program execution, a variety of
errors may occur owning either to the inherent complexity of residential
mobility models or the inherent incompleteness of real data.
Microsimulation residential mobility models deal with complex behavioral
processes and result in the development of particularly complex systems.
During the development of such a system, model errors may be discovered,
that is, errors at the theoretical, methodological or operational level of the
model. Once model errors are corrected, all other errors are data errors, that

is, errors that arise from the misspecification of the input data (parameters).
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Both types of errors may be detected during the process of calibration. The
behavior of the base population living in a geographical area over a time
period, for which empirical data are available, is simulated. The outcome of
the simulation is compared to the empirical data and the analysis of their

variations reveals which code modules and parameters should be fine-tuned.

Unfortunately, no empirical data are available for the Municipality of
Mpytilene. Therefore, the process of calibration cannot be applied to the
outcome of URM-Microsim. However, in order to show the function of the
model namely, the interrelation between the development in demographic
structures and the housing market, a series of simulations are carried out.
Initially, a base run is executed using the population data created and the
probability distribution calculated as described in Chapter 6. In the
subsequent runs all probability distributions but one are held constant to
show the effect of the changed one. In each subsequent run the values of
nest leaving, union formation and union dissolution probabilities are
doubled correspondingly. It should be noted that the simulations should be
viewed in relation to each other. It is not the outcome of each simulation
that is of importance, but rather the differences between the simulations and

particularly between a given simulation and the base population run.

7.2.1 Base run simulation

The population database used in the simulation contains 29.085 individuals
and 11.208 households. In Figure 58 and Figure 59 the map of Mytilene
shows how these individuals and households are distributed in each
residence zone correspondingly. In addition Figure 60 and Figure 61 show
the number of dwellings and available dwellings of each residence zone

correspondingly.
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In Figure 62 and Figure 63 the map of Mytilene shows the number of in-
migrating and  out-migrating households per residence zone
correspondingly. Moreover Figure 64 shows the number of households
moving from each residence zone to Chrisomalousa (zone 1). Finally, in
Figure 65 the map of Mytilene shows the range of households that entered
minus the ones that left each residence zone of the city. In particular, the
map shows that the recently developed, over-populated residence zones
such as Chrisomalousa (zonelD = 1), Kalithea (zonelD = 2), Gipedo
(zonelD = 3) and Nosokomeio (zonelD = 16) have a large number of
incoming households as expected. One thing that is striking in the base run
simulation results is that two old residence zones, Kioski (zonelD =22) and
Vounaraki (zonelD =7), also have a large number of incoming households.
This is due to the fact that a considerable number of old houses of these
residence zones have been renovated and split to small one or two dwelling
apartments (personal contact with civil engineers of Mytilene). In
conjunction to fact that these residence zones have a low dwelling rent and
market values, they attracted a large number of one and two member

households (nest leavers and students) as shown in Table 39.

Table 40 gives an overview of the potential movers as well as the realized
move in the base run. Union dissolution leavers and nest leavers are most
successful in realizing the desired move since they have high search
intensity and high offer acceptance probabilities. Out-migration is low
almost in all event categories since households would prefer to substitute
one or more of their search criteria to obtain a dwelling in the area of
Mpytilene than leave the city to search for a dwelling in another area. Those
households that are slightly affected by demographic events, such as nest
leaving stayers and union formation stayers have a low percentage of

realized moves.
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zonelD | Zone name In households — out households Household size
7 | Vounaraki 33 1
7 | Vounaraki 29 2
22 | Kioski 45 1
22 | Kioski 20 2

Table 39: Household change in 7 and 22 residence zones
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internal % of
event potential | realised Out- realised
Event statistics moves moves | migration | Total moves
1 | Death 281 199 138 12 150 75,38
2 | fertility 442 389 231 51 282 72,49
nest leaving
3 | leaver 54 54 52 1 53 98,15
nest leaving
4 | stayers 54 47 12 3 15 31,91
union diss
5 | leaver 142 142 124 1543 | 142 100,00
union diss
6 | stayers 142 139 52 8 60 43,17
union form
7 | leavers 40 40 33 3 36 90,00
uinion form
8 | (one dwelling) 358 328 221 4 225 68,60
union form
9 | stayers 127 104 26 2 28 26,92
out-migration
13 | member 964 769 274 24 298 38,75
f-m form
14 | leavers 3 3 3 0 3 100,00
f-m form
15 | stayers 59 22 15 0 15 68,18
f-m form (one
16 | dwelling) 53 45 28 0 28 62,22
f-m leaving
17 | leaver 9 9 3 0 3 33,33
f-m leaving
18 | stayers 9 9 2 0 2 22,22
20 | in-migration 700 700 700 0 700 100,00
Total 3437 2999 1914 126 | 2040
number of
households 12032
number of
individuals 29103
number of in-
migrating
households 700

Table 40: The number of potential movers and realized moves by event - base run

> There are 15 union dissolution leavers who out-migrate without first searching for a

dwelling in the city. They are usually citizens of another Municipality.
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Figure 58: Number of Individuals per Residence zone — Map of Mytilene
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Figure 59: Number of Households per Residence zone — Map of Mytilene
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Figure 60: Number of Dwellings per Residence zone — Map of Mytilene
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Figure 61: Number of Available Dwellings per Residence zone — Map of Mytilene
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Figure 62: Number of In-migrating households per Residence zone — Map of Mytilene
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Figure 65: Base run simulation results — map of Mytilene
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7.2.2 Nest leaving effect run simulation

To illustrate the effect of nest leaving, the nest leaving probability is
doubled in the second simulation. As shown in Table 41 the number of nest
leavers and consequently the number of nest leaving stayers are
significantly increased: there are 116 potential nest leavers from 99
households instead of 54 out of 47 in the base run. In addition, the number
of nest leavers’ realized moves is also increased. In all, many more moves
are made in this run than in the base run (2.136 instead of 2.040). This is
due to the increased number of nest leavers who have high search intensity.
In addition, the absolute number of realized moves of nest leavers is
increased and consequently, more vacancies are created which gives moving
households for reasons of death or other categories of stayers a better

chance of success.

In Figure 66 the map of Mytilene shows the range of households that
entered minus the ones that left each residence zone of the city. One may
observe that the range of household moves of two residence zones with
small, old houses and low dwelling rent/market values that is Sinikoismos
(zonelD= 13) and Lagada (zonelD =8) has increased. This may be justified
by the increase of nest leavers who prefer small and cheap dwellings as

shown in Table 42.
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internal % of
event potential | realised out- realised
Event statistics | moves moves | migration | Total moves
1 | death 287 214 161 18 179 83,64
2 | fertility 421 368 212 43 255 69,29
nest leaving
3 | leaver 116 116 111 5 116 | 100,00
nest leaving
4 | stayers 116 99 27 4 31 31,31
5 | union diss leaver 125 125 101 23+1 125 | 100,00
6 | union diss stayers 125 119 45 7 52 43,70
7 | union form leavers 42 42 36 3 39 92,86
uinion form (one
8 | dwelling) 370 341 229 1 230 67,45
9 | union form stayers 134 105 30 1 31 29,52
out-migration
13 | member 1034 830 280 32 312 37,59
14 | f~-m form leavers 3 3 3 0 3 100,00
15 | f-m form stayers 50 22 17 1 18 81,82
f-m form (one
16 | dwelling) 44 40 25 0 25 62,50
17 | f-m leaving leaver 16 16 12 0 12 75,00
18 | f-m leaving stayers 16 14 8 0 8 57,14
20 | in-migration 700 700 700 0 700 | 100,00
Total 3599 3154 1997 139 2136
number of
households 12.094
number of
individuals 28.999
number of in-
migrating
households 700

Table 41: The number of potential movers and realized moves by event — effect of nest

leaving

In households — out households

Nest leaving

zonelD Zone name Base run run Household size
8 Lagada 11 20 1
13 Sinikoismos 32 44 1

Table 42: Base & nest leaving run household change in 8 and 13 residence zones
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Figure 66: Nest leaving simulation results — map of Mytilene
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7.2.3 Union dissolution effect run simulation

To illustrate the effect of union dissolution, the union dissolution
probabilities are doubled in the third simulation. As shown in Table 43 the
number of union dissolution leavers and consequently the number of union
dissolution stayers are significantly increased: there are 250 potential union
dissolution leavers from 327 households instead of 142 out of 139 in the
base run. In addition, the number of union dissolution leavers’ realized
moves does not change significantly (from 100% to 99.60%). In all, many
more moves are made in this run than in the base run (2.203 instead of
2.040). This is due to the increased number of union dissolution leavers who
have high search intensity. In addition, the successful moves of nest leavers
decrease from 98.15% in the base run to 94.74%. This is caused by the
competition between nest leavers and union dissolution leavers in housing
demand; both search for small houses (since in case of union dissolution the
male usually moves out) and union dissolution leavers have higher search

intensity than nest leavers.

In Figure 67 the map of Mytilene shows the range of households that
entered minus the ones that left each residence zone of the city. One may
observe that the divergence in the range of household moves of the
residence zones smoothes out. For example, there are no residence zones
with the lowest range of household moves (-29 to -17). This may be
justified by the increase of union dissolution leavers who come from all
social and economic layers and thus, although they prefer small dwellings
they may afford to live in high rent/market residence zones as shown in

Table 44.
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internal % of
event potential | realised | Out- realised
Event statistics | moves moves migration | Total | moves
1 | Death 294 229 161 14 175 76,42
2 | Fertility 412 357 220 34 254 71,15
3 | nest leaving leaver 57 57 54 0 54 94,74
4 | nest leaving stayers 57 53 23 1 24 45,28
5 | union diss leaver 250 250 211 37+1 249 99,60
6 | union diss stayers 250 237 90 9 99 41,77
7 | union form leavers 37 37 29 5 34 91,89
uinion form (one
8 | dwelling) 327 307 206 6 212 69,06
9 | union form stayers 121 100 33 3 36 36,00
out-migration
13 | member 1036 805 276 35 311 38,63
14 | f-m form leavers 6 6 6 0 6 100,00
15 | f-m form stayers 70 32 22 0 22 68,75
f-m form (one
16 | dwelling) 58 44 20 0 20 45,45
17 | f-m leaving leaver 11 11 5 0 5 45,45
18 | f-m leaving stayers 11 9 2 0 2 22,22
20 | in-migration 700 700 700 0 700 | 100,00
Total 3697 3234 2058 145 | 2203
number of
households 12.136
number of
individuals 28.961
number of in-
migrating
households 700

Table 43: The number of potential movers and realized moves by event — effect of

union dissolution
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Number of Union Number of | Dwelling rent Dwelling
dissolution leavers rooms value market value
55 1 260 18200
30 1 280 24000
6 1 300 29000
2 1 350 24000
82 1 450 30000
12 2 280 36400
3 2 450 60000
1 3 300 54600
1 3 400 87000
2 3 450 90000
4 4 280 96000
1 4 350 72800
5 4 450 120000
1 5 370 91000
4 5 450 150000
1 7 450 210000

Table 44: Number of rooms and rent/market value of dwellings chosen by union

dissolution leavers

240



Chapter 7 Results and Discussion
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Figure 67: Union dissolution simulation results — map of Mytilene
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7.2.4 Union formation effect run simulation

To illustrate the effect of union formation, the union formation probabilities
are doubled in the forth simulation. As shown in Table 45 the number of
union formation leavers as well as union formation (one dwelling) and
consequently the number of union dissolution stayers are significantly
increased: there are 128 potential union formation leavers and 387 union
formations with at least one dwelling from 312 households instead of 40 and
328 out of 104 in the base run. Union formations with at least one dwelling
are not significantly increased since cohabitants who get married are also
included in this type of event and they are the same in number in both runs.
In addition, the number of union formation leavers’ realized moves slightly
decreases (from 90% to 86.72%). In all, many more moves are made in this
run than in the base run (2.189 instead of 2.040). This is due to the increased
number of union formation leavers who have high search intensity. In
addition, the successful moves of nest leavers decrease from 98.15% in the
base run to 87.27%. This indicates that there is competition between nest
leavers and union formation leavers in housing demand; both search for

small houses.

In Figure 68 the map of Mytilene shows the range of households that
entered minus the ones that left each residence zone of the city. One may
observe that there is a slight increase in the range of household moves of
residence zones with high rent/market values such as Sourada (zonelD =18)
and Vareia (zonelD =23). This may be justified by the increase of union
formation leavers who although come from all social and economic layers,
they prefer newly constructed and consequently, more expensive dwellings
as shown in Table 46. It should be noted that most newly constructed
dwellings reside in the recently developed and consequently, more

expensive residence zones.
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internal % of
event potential | realised | out- realised
Event statistics | moves moves migration | Total | moves
1 | Death 287 211 144 15 159 75,36
2 | Fertility 401 347 213 34 247 71,18
3 | nest leaving leaver 55 55 47 1 48 87,27
4 | nest leaving stayers 55 48 21 0 21 43,75
5 | union diss leaver 141 141 119 20+2 141 100,00
6 | union diss stayers 141 135 45 5 50 37,04
union form
7 | leavers 128 128 109 2 111 86,72
uinion form (one
8 | dwelling) 415 387 254 12 266 68,73
9 | union form stayers 367 312 101 6 107 34,29
out-migration
13 | member 975 761 251 26 277 36,40
14 | f~-m form leavers 3 3 3 0 3 100,00
15 | f-m form stayers 61 24 15 0 15 62,50
f-m form (one
16 | dwelling) 55 47 34 0 34 72,34
17 | f-m leaving leaver 12 12 8 0 8 66,67
18 | f-m leaving stayers 12 9 1 1 2 22,22
20 | in-migration 700 700 700 0 700 | 100,00
Total 3808 141 2065 124 | 2189
number of
households 12.115
number of
individuals 29.043
number of in-
migrating
households 700

Table 45: The number of potential movers and realized moves by event — effect of

union formation
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Number of Union Number of | Dwelling rent | Dwelling market
formation leavers rooms value value
3 1 280 24000
1 1 300 29000
10 1 450 30000
24 2 280 36400
1 2 300 48000
5 2 350 58000
45 2 450 60000
2 3 400 87000
5 3 450 90000
1 4 370 96000
1 4 420 116000
5 4 450 120000
6 5 450 150000

Table 46: Number of rooms and rent/market value of dwellings chosen by union

formation leavers
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Figure 68: Union formation simulation results — map of Mytilene
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7.3 Validation

Once URM-Microsim is calibrated it should be validated to verify that the
model may be successfully applied in another context. In other words, the
process of validation applies the calibrated model to different data and/or
geographical area and/or period, and checks whether it yields comparable

results i.e. whether the model ‘fits’ in another context (Oskamp, 1997).

According to (Oskamp, 1997), four types of validation may be discerned. In
in-sample validation, simulation results on a given sample are tested against
the empirical values of the same sample. Conventional test-statistics for
measures of goodness of fit are calculated (R?, t- and F-statistics). In out-of-
sample validation, the model is tested against a different sample of the base
population aiming to show whether the model successfully simulates
various samples. The same statistical measures as in the in-sample
validation are used. In out-of-type validation the models is tested against a
different data source. Finally, in out-of context validation, different data
from a different geographical, temporal or institutional context are entered

to verify that the model also performs in another context.

Unfortunately, no empirical data are available for the Municipality of
Mpytilene. Therefore, none of the first three types of validation can be
applied to the outcome of URM-Microsim. Since the validation of the model
is of great importance, the use of out-of-context validation, i.e. the loading
of URM-Microsim with data from another city, is part of this thesis’ future

work.

7.4 Summary
This chapter focused on the performance of URM-Microsim. Once the

system is loaded with the Mytilene data, it is executed in order to simulate
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the population and housing market developments. Then, the issue of model
efficiency arises: how well does the model simulate reality? Initially, the
notion of system calibration was discussed then the series of simulations
carried out for URM-Microsim were presented and the simulation results
were discussed. Next, the notion and methods of system validation were

discussed.
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Chapter 8

Conclusions and Future Research

8.1 Introduction
This chapter provides an overview of the work presented in this thesis, it
summarises the main contributions of the research and presents its

conclusions. In addition, further work in this area is discussed.

8.2 Thesis overview

URM-Microsim (Urban Residential Mobility Microsimulation) 1is a
dynamic, spatio-temporal microsimulation prototype decision-support
system that captures the evolution of the housing market of an urban area on
a yearly basis, taking account of housing demand and supply. The system is
capable of evaluating the impact of demographic and economic scenaria on

the building area of a city.

Within URM-Microsim, the database entities of interest are individuals,
households and dwellings. The population of a city consists of households.
A household has one or more members. Each household member is an
individual with a specific position in the household (couple member, child
or single). An individual may have an occupation (and therefore, a salary)
or not. The occupation belongs to a residence zone. A household lives at a
dwelling that owns or rents. A dwelling belongs to a building, which in turn
belongs to a building block, which in turn, belongs to a residence zone. In
addition, the database entities have characteristics, whose values may

change over time as well as the relationships between the entities.
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The model consists of three sub-models (packages): Housing Demand,
Housing Supply, and Residential Search and Migration. The Housing
demand sub-model simulates the occurrence of demographic and economic
events (for example death, fertility, marriage, occupation and income
change) and therefore determines the number of households that will search
for a new house. The housing supply sub-model on the other hand, simulates
the changes in housing stock and therefore determines the number of houses
that are available to households. Finally, the Residential Search and
Migration sub-model simulates the clearing of the housing market, that is,
which households actually find a new dwelling. The outcome of the
Residential Search and Migration sub-model affects the way housing
demand and supply are modified. Three types of move by destination are
distinguished: households moving within the boundaries of the housing
market (residential mobility), households moving from the housing market
to another one (out-migration), and households moving into the housing
market from the rest of the world (in-migration). Most of the processes are
simulated using Monte Carlo techniques. In some cases, the process is
clearly one of choice and may therefore be modeled with a decision rules
approach. The order of events (sequencing) occurring during a one-year
period is simulated using random dates. The probability distributions of the

various events can be age, sex or duration specific.

The Housing Demand sub-model incorporates three types of events:

Demographic change, Income change and Demand change events.

o Demographic change events. Each individual is subjected to the
probability of experiencing one of the death, fertility, union formation,
union dissolution, flat-mate formation, flat-mate leaving, nest leaving
events and out-migration, based on the individual’s age and stage in life

— cycle. In addition, the number of in-migrating households is
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determined. Finally, an individual or a household may decide to out-
migrate due to several reasons. For example, an individual who is
unemployed for a long time may decide to out-migrate.

Income change events. The education group to which the individual
belongs is determined. Next, each individual of age 15 and above, who
does not work (soldiers are excluded) is subjected to the probability of
getting a job based on the individual’s sex, age, current employment. If
the individual already works he/she is subjected to the probability of job
changing, retiring or becoming unemployed based on the individual’s
sex, age, current employment and education status. Finally, each
individual of age 18 and above is subjected to the probability of having
his/her income changed based on the individual’s education career and
occupational changes.

Demand change event. A household that does not have experienced a
demographic or income change event is subjected to the probability of

demand changing.

The Housing supply sub-model incorporates four types of events: New

construction, Structure conversion, Demolition and Housing expenditures

change.

New construction event. The number of new dwellings to be added to
the house stock is determined based on the market’s mobility and
housing shortage. The location of each new dwelling is determined
based on the undeveloped land that is suitable for development, the
market area and the market’s housing demand trends. The dwelling’s
type and services are determined based on the market’s housing demand
trends.

Structure conversion events. The possible structure changes of a

dwelling are split, combination or renovation. Each dwelling is
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subjected to the probability of being split, combined or renovated, based
on the cost and difficulty of the each conversion.

Demolition event. A dwelling in poor condition is subjected to the
probability of being demolished. If the dwelling is occupied, then the
corresponding household must search for another dwelling. The
demolition takes place only after the household moves out.

Housing expenditures change event. The housing expenditures
(maintenance capital, heat, electricity etc) of each dwelling are
determined based on the dwelling’s type, size, age and construction

quality.

Households that are dissatisfied with their current housing, search the

housing market for a vacant dwelling that meets their needs. If a household

finds a dwelling that complies with its preferences, then the household

moves into the new dwelling. If household search fails, then the household

either remains to its current dwelling or migrates to another housing market

(out-migration). Housing demand and supply determine the rent and market

value of the dwellings (housing prices). The sub-model incorporates the

Search and Migration and Housing prices events.

Search and migration event. All households whose structure or housing

circumstances have changed, all newly formed households, as well as

the households they originate from are simulated to search for a new

dwelling. The household searches the list of vacant dwellings for a

dwelling according to the following rules:

o Tenure. Initially, the household decides whether it will search for a
house to own or rent, based on the household’s previous tenure, its
current income, and its current /ife cycle stage.

o Dwellings are defined by seven (7) dimensions: dwelling price/rent,

number of rooms, dwelling type, dwelling age, structure condition,
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amenities (garden, parking etc), and neighborhood quality. The
household defines the values of the dimensions the desired dwelling
should have, as well as the dimensions that are of importance
(primary dimensions) and those that are not (secondary dimensions).
The desired dwelling is defined based on the event experienced by
the household, the household’s income as well as whether the
household searches for a dwelling to rent or own.

o The number of dwellings considered by the household depends on
the search intensity of the household. In other words, households
with high search intensity consider more dwellings than the ones
with low search intensity.

o If the household decides to accept a vacancy then it moves to the new
dwelling and the dwelling the household occupied (if any) is vacated
(Dwelling vacation). If the household fails to find a dwelling, then if
it is an in-migrating household, the household as well as its members
is deleted. In any other case, the household is subjected to the
probability of out-migrating. 1f the household does not out-migrate
then if it already has a dwelling it remains there, or in any other case
the household is deleted and its members return to their parental
households.

e Housing prices change event. Once all household moves have taken
place, the rent and market values of the dwellings are updated based on

housing demand and supply.

URM-Microsim was implemented and tested within the city of Mytilene,

using existing data.
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8.3 Thesis limitations

The need to mitigate the repercussions of urban sprawl over the last decades
triggered the use of systematic urban plans that encompass land use,
transportation and environmental dimensions. These plans aim to forecast
housing demand and to analyze the impacts governmental policy programs
may have on urban development. While a considerable number of
transportation models has been developed and used in the regional
transportation planning process, research review revealed that land use
models have received little attention. The lack of a fully documented and
easily expandable land use model that incorporates spatial representation of
model results at various levels of aggregation triggered the need for the

development of URM-Microsim.

URM-Microsim fulfils all thesis objectives discussed in section 1.2. It
incorporates most of the elements of a residential mobility microsimulation
model discussed in section 2.5 (it has not been fully calibrated and validated
yet). Therefore, it is theoretically sound and provides the capacity to analyze
the impact of the events experienced by individuals and households in
population residential mobility and consequently in the change of a city

structure.

In addition, its development followed the STUML process, a set of activities
that leads to the orderly construction of the system under development by
applying the UML modeling techniques extended with spatiotemporal
constructs. The use of a process during all phases of system development in
conjunction with the use a graphical modeling language during analysis and
design make it possible for a researcher to comprehend URM-Microsim
development even if he/she does not have a programmer’s background. That

makes URM-Microsim easily extendable with additional functionality and
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easily adaptable to the cultural, social, economic and geographical

peculiarities of each city.

Moreover, the use of the ArcGIS platform for the implementation of URM-
Microsim allows the spatial representation of model results at various levels

of aggregation i.e. at building block and residential zone levels.

Finally, the use of the developed system was demonstrated by applying it to
the city of Mytilene. For this purpose demographic and housing market data
for the city of Mytilene was gathered from various data sources (e.g.
National Statistical Service of Greece, Eurostat, Surveys etc) and was
inserted in the developed system, in order to simulate the residential
mobility of Mytilene. Unfortunately, a full calibration of URM-Microsim
was not possible since no empirical data were available for the city of

Mytilene.

However, it should be noted that during the course of model development,
parameter estimation and model application, a number of URM-Microsim
elements were under- or undeveloped. First, the Housing Supply sub-model
was not implemented. All new dwellings and structure conversions are
given exogenously. In addition, rent and market value changes of the
dwellings are also given exogenously. Second, the income event was not
implemented and households do not search for a new dwelling due to
income changes. Third, in job entry and job change events the location of
employment is not taken into consideration. Finally, in-migration event

takes into consideration only one type of in-migrating households: students.
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8.4 Future work
URM-Microsim is a prototype system and thus is susceptible of a

considerable number of improvements and extensions.

First, URM-Microsim should be fully calibrated and then validated. The
importance of calibrating and validating complex systems such as a
residential mobility system was outlined in Chapter 7. Therefore, URM-
Microsim should be applied to different data from a different geographical,
temporal or institutional context are entered to verify that the model also

performs in another context.

Second, some of the events modelled in URM-Microsim may be improved
by further elaborating their design, implementation or parameter estimation:

partner search, housing supply, income and in-migration.

In URM-Microsim an individual who is not married searches for a partner
based only on age since only this information was available. Evidently, the
search criteria for union formation are more, such as education level, social

and economical status and nationality.

The lack of digitized information concerning housing construction in Greece
as well as the lack of organized research data concerning urban development
inhibited the implementation of the Housing Supply sub-model. All new
dwellings and structure conversions are given exogenously. In addition, rent
and market values changes of the dwellings are also given exogenously.
Since housing supply develops on the long-term to satisfy housing demand,
and rent and market values of the dwellings depend on housing demand and

supply, they should be incorporated in URM-Microsim.
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The analysis and design models of URM-Microsim draw on the notion that
income changes may trigger mobility. In order to implement this notion
income changes at the individual level, or at least at disaggregate level are
required. Since this information was not available, the income event was not
implemented. Therefore households do not search for a new dwelling due to

income to changes.

The analysis model of URM-Microsim draws on the notion that an
individual searches for a job according to the certain criteria: However,
since data statistics are not available, this notion was dropped during design
and the individual is subjected to the probability of job entering or
changing, based on the his/her sex, age, current employment (if any) and
education status. In addition, the location of employment is not taken into
consideration due to lack of information concerning job vacancies and work

places.

In the implementation of URM-Microsim, in-migration event takes into
consideration only one type of in-migrating households: students. This is
due to the lack of any other statistics available. Other categories of in-

migrating households should be taken into consideration.

Finally, the dwelling search algorithm should be elaborated to incorporate
all search dimensions. Currently the most important search dimensions are
considered (primary dimensions), namely size (number of rooms), price,
type and tenure. No statistics were available to determine the remaining
three dimensions of a dwelling (secondary dimensions): structure condition,

amenities (garden, parking etc), and neighborhood quality.

Third, a number of parameters were found to be inadequate or even non-

existent. For example, since no statistical data are available, the probabilities
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of out-migration of unsuccessful searchers based on the event experienced
are assumed, taking into consideration the fact that households would
substitute one or more of their search criteria to obtain a dwelling in the area
of Mytilene. Chapter 6 describes all calculations and assumptions made for

probability distributions.

8.5 Epilogue
In this concluding chapter, an overview of URM-Microsim was given and

possible enhancements and directions for future work were also discussed.

The innovation of the URM-Microsim lies in the use of the most effective
data modeling technique i.e. microsimulation, in conjunction with the most
effective system development tools i.e. spatio-temporal UML and GIS. The
outcome is a model that handles the inherent complexity of residential
mobility systems effectively and at the same time is transparent and
consequently comprehendible to all actors involved. This makes URM-

Microsim easily expandable.

Model development of a complex system such as residential mobility
systems is never completed. Improvements, extensions and updates can be
made continuously. Future work on URM-Microsim should focus on
broadening the scope of the model, adding and improving modules and
parameters, and elaborating on the analysis and design models underlying

URM-Microsim.
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Appendix A
The UML notation

This appendix presents the graphical notation of the elements used in UML

diagrams through several examples. Some elements may be used in more
than one diagram. The note UML element is used to illuminate element

notation.

O-——__

A.1  Use Case Diagram Notation

Actor Use CaseS
o o 7
Place Order

<<extend>>
(set priority)
Extension points
set priority

Customer | Place
<<include>> | rush order
Validate
user
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A.2  Class Diagram Notation

]

Private School
Database

O —|package AN

School
_O
_- name
phone_num
p multiplicity N _ o 1. o —__ N
ISecurelnformation O ~ * aggregation
~
O« is Member of
dependenc AN 1s Viember o
e
; Person
PersonelRecord // Teacher name
taxID o salaryph address
employmentHistory teache work_hours pliloneinum
salary s 1 monthly_salary() Birth_date
- getPersonalRecord()
ha 1.. o -
s * ~
=~ ~
Class generalization AN
class_code consists_of ,
1
max_stud /
d *
num_of students()
Student
attends
reg_date O— — — —|attributes DN
Test
written_by * fees
test_code * // writes performance() O— — — _
description /
O/ Month
-~ / O —— _ — k
-7 pays
association Examinati
Xamination
class |~ -0 1
grade
Fees
amount_paid

270



Appendix A The UML notation

A.3  Object Diagram Notation

C1: Class C2: Class
class_code ="101" class_code="102"
max_stud = "20" max_stud="15"

A4  Sequence Diagram Notation

object 5

c:Client

d

_ {transient } |

o
lifeline _ <<create>> |
P

:Transaction |

| message 5
setActions(a,d,0) |

time 7
(0]
setValues(d, 3.4)

focus of return .[FI
control setValues(a, "CO")

p:ODBCProxy

e committed \

<<destroy>> | |

L |
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A.5  Collaboration Diagram Notation
_|object 5
c:Client o~
link 1: <<create>>
in 2: setActions(a, d, 0)
3: <<destroy>>
<<local>>
<<global>>
:Transaction p:ODBCProxy
> O.
(transient} 2.1: setValues(d, 3.4) ~
Tansien 2.2: setValues(a, "CO") messageE
A.6  Statechart Diagram Notation

\
o)

ringing

initial D\ —
state

~O error
/printRepor t

f Receiving

-

o -

\
\
triggerless
transition

&xit / disconnect P

Processing

nested
state

\
o}

checkSumOK
(o]

~

/

/
composite state BI
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A.7  Activity Diagram Notation

initial — -0
state

Commission
architect

\
o<~ _
action
state
( Develop plan ) o~

Bid plan
sequential
branch

[not
- accepted]
o]
concurrent
[else] fork
o~
action
state activity state with
\ _ — {submachine
l(Do site work) (Do trade work() }
concurrent
O — 7 join
Finsih construction )k = = = — — — — — — _ = :CertificateOfOccupancy
Q [completed]
N
object
flow
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A.8 Component Diagram Notation

| dependency% | realization Bl

/
/ /
(0] a
image.jave _-——— component.java

ImageObserver
@]
P \
/ \

A.9 Deployment Diagrams Notation

connection 5
o—-

<<10-T
Kiosk N Ethernet>>
<<processor>> RAID farm
server
/ —
~
console 1 <<RS-232>> node j
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Appendix B
The STUML process: A User’s Guide

This appendix presents the steps of the STUML process in detail. The
STUML process is use-case driven, architecture-centric, iterative and

incremental. It consists of the macro and micro development processes.

B.1  The Macro development process

The macro process is the framework for controlling the micro process.
During the macro process a set of activities takes place that leads to a
number of products and allows the development team to identify risks and
make early corrections to the micro process. It represents the activities of
the development team during the entire development life cycle. The high-
level activities that comprise the macro process are:

1. Conceptualisation: establish the core requirements for the software.
Analysis: develop a model of the system’s desired behaviour.

Design: create an architecture for the implementation.

Evolution: evolve the implementation though successive refinement.

AR

Maintenance: manage post-delivery evolution.
The macro process repeats itself after major product releases. This

particularly applies to the development of families of products. Next, a

description of the macro process activities is given.
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B.1.1 Conceptualisation

The purpose of conceptualisation is to identify the core requirements for the
system to be developed, to define the scope of the system and to prove that
the system may actually be developed. The primary products of this activity
are prototypes. Each prototype implements a particular system development
path with specific assumptions concerning functionality, performance, size,
complexity, etc. The prototypes serve as the proof of concept and their
evaluation reveals whether the potential risks permit the system
development. The prototypes developed during this activity are by their
nature incomplete and should be put aside once the activity of

conceptualisation is completed (Booch, 1994).

B.1.2 Analysis
The purpose of analysis is to define the function of the system, that is, to
determine what the system does. This is achieved through domain analysis

and use case planning.

Domain analysis (Booch, 1994) is the examination of existing related
systems in order to identify the classes and objects that are common to all
applications within a given domain such as patient record tracking,
compilers, etc. This activity helps the development team to identify the
behaviour of the system under development, as it indicates the classes and
objects that have proven useful in other related systems. Moreover, the
development team benefits from the experience of related system
development and there are cases where domain analysis leads to the
conclusion that existing software may be reused or adapted and therefore,

there is no need for the development of new software.

Use case planning is the central activity of analysis. The order of events that

takes place during use case planning is:
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e Identify all the primary use cases of the system, namely all the primary
activities. If possible, group them into sets of use cases with related
functionality and into use case hierarchies where high level use cases
build upon more primitive ones.

e Elaborate on each interesting use case and determine the associated
primary scenarios. A use case scenario refers to a single path through a
use case (Fowler and Scott, 1997) and serves as the starting point for
defining the semantics of the use case.

e Define the semantics of each use case. In particular, use interaction
diagrams (collaboration and/or sequence diagrams) to show how objects
collaborate to carry out the activities of the use case. Additionally, use
class diagrams to show the semantics of the objects that take part to the
use case. Finally, if the use case contains significant workflow elements,
use activity diagrams to capture them. Document any assumptions,
constraints, or performance issues for each use case.

e Ifnecessary, elaborate on use cases to show behaviour under exceptional
conditions.

o If the life cycle of certain objects is complex or significant, use a
statechart diagram for the class of objects to describe it.

e Search for patterns among use cases and express them in terms of class
diagrams to show the similarities among different use cases.

e Update the data dictionary with the classes and objects identified in the

previous events.

The activity of analysis is completed when all the primary use cases have
been developed and validated as well as the set of secondary use cases that
are considered to be important to the system’s scope. The evaluation of the
diagrams produced during analysis reveals the potential risks that may

impact the design activity.
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B.1.3 Design

The purpose of design is to define the architecture of the system under
development and to determine the common policies that must be used by
different parts of the system. This is achieved through the activities of

architectural planning, tactical design and release planning.

According to (Booch, 1994) the architecture of an OO software system
encompasses its class and object structure, organised in terms of distinct
layers and partitions. Therefore, architectural planning involves the creation
of the layers and partitions that comprise the architecture of the system.

During this activity, the packages and deployment diagrams are particularly

useful. Packages show the logical pieces of the system under development

and their dependencies. Deployment diagrams show the physical
relationships among software and hardware components of the delivered
system. The order of events that takes place during this activity is:

e Consider grouping the use cases identified during analysis, and allocate
these to layers and partitions of the architecture. Use cases that build
upon one another should fall into different layers; use cases that
collaborate at a similar level of abstraction should fall into partitions of
the same layer.

e Develop an executable release that implements parts of some use cases
in order to validate the architecture.

e [Evaluate the architecture and estimate its weaknesses and strengths.
Identify the potential risks of the architecture so that resources can be

accordingly allocated at the beginning of evolution.
Architectural planning aims to create a domain-specific application

framework that may be successively refined, early in the development

process.
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Tactical design involves the design of mechanisms that appear throughout

the system. Examples of such mechanisms are the policies for error

detection and handling, memory management etc. Some policies address

domain-independent issues such as memory management and error handling

while others address domain-specific issues such as transaction and database

management in information systems. The order of events that take place is:

e Determine the common policies that must be used by different parts of
the system.

e For each policy develop a use case to demonstrate the behaviour of that
policy. In addition, develop a prototype that implements it.

e Document each policy.

An issue specific to temporal information systems is the longevity of data,
that is, the time period that information referring to past states of the
application objects is kept in the temporal database. The physical deletion of
past information is a desirable feature of a temporal application (Snodgrass,
R., (ed), 1995). That is why, during tactical design the development team
should design the policy concerning the longevity of data. Initially, they
should decide when data should be removed from the database: after a fixed
period of storage in the database, the decision is left to the database
administrator etc. At this stage, the team should design the mechanism for

the physical deletion of the data.

During release planning the plan for the development of a series of software
releases is defined. Each release will incorporate more functionality than the
previous one aiming to ultimately encompass the requirements of the entire
system. The plan is based on the use cases and the risk assessment generated
during analysis. The order of events that takes place during this activity is:

e Define the level of priority for each use case identified during analysis.
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e Allocate use cases to a series of software releases whose final delivery
will be the production system.

e Set the goals and schedules of the releases and ensure that delivery dates
allow adequate development time and that releases are synchronised
with other activities such as documentation.

e Begin task planning in order to identify the work and the resources that

are necessary for each release.

The activity of design is completed when a description of an architecture, a
description of the common policies and a plan for successive releases has

been produced.

B.1.4 Evolution

The purpose of evolution is to construct the system in a series of releases,

wherein each release is a refinement of the previous one. These releases are

driven by the plan set in release planning. At this phase constraints such as
functionality, time and space should be taken into consideration in order to
produce a system that will actually serve the purposes of its development.

The work that is carried out between two releases is a compressed

development process. The development team performs analysis, design and

implementation for the use cases assigned to each release. The order of
events that takes place is:

o Identify the use cases that should be implemented by this release and the
areas of highest risk, based on the evaluation of the previous release and
the release plan.

e Assign tasks to the team to carry out this release. Based on the products
of the analysis phase and the products of the previous release, the team
should perform the activities of micro process in order to identify the

classes and objects necessary to implement the use cases. During this
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task, changes may occur in existing classes and these changes should be
controlled in order to prevent the destruction of the system architecture.
In (Booch, 1994) this is referred to as the activity of change
management. During the evolution of a system the kinds of changes to
be expected are (Booch, 1994):

o Adding a new class or a new group of classes;

o

Changing the implementation of a class;

(©]

Changing the representation of a class;

O

Reorganising the class structure;
o Changing the interface of a class.
When a change in a class occurs consideration must be given to the way
this change affects other classes.

e Assign developers to produce behavioural prototypes. A behavioural
prototype serves to explore design alternatives (such as a new algorithm)
so that areas of risk may be resolved early.

e Produce the product release.

e Reconsider the original release plan and make the required adjustments

for subsequent releases.

The phase of evolution is completed when the functionality and quality of

the release meet the user requirements.

B.1.5 Maintenance

Maintenance is in fact a continuation of the evolution phase, during which
more localised changes are made to the system (through successive releases)
as new requirements are added and bugs are being detected. The activities in
this phase are the same as the ones that take place during the previous phase.
In addition, during maintenance the planning activity takes place, which

prioritises the tasks to be completed.
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B.2  The Micro development process

The micro process is driven by the set of use cases and product releases that

result from, and are successively refined by, the macro process. It mainly

represents the daily activities of the individual developer or a small team of

developers. In the micro process the traditional phases of analysis and

design are intentionally blurred. The activities that comprise the micro

process are:

1. Identify the classes and objects at a given level of abstraction.

2. Identify the semantics of these classes and objects.

3. Identify the relationships among these classes and objects.

4. Identify the spatial semantics of these classes, objects and relationships.

5. Identify the temporal semantics of these classes, objects and
relationships.

6. Specify the interface and then the implementation of these classes and

objects.

B.2.1 Identify classes and objects

The purpose of this activity is to establish the boundaries of the system
under development. The starting point for identifying classes and objects is
the use cases and the use case scenarios identified during the macro process.
The development team walks through each use case and each use case
scenario in order to identify the objects that participate in each one, and to
determine their responsibilities and how these objects collaborate to carry

out the activities of the use case.
During analysis, this step reveals the classes and objects that form the

vocabulary of the system domain. During design, this step reveals new

classes and objects that should be part of the system under development.
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During implementation, this step discovers lower-level classes and objects

that may be used to construct higher-level ones.

As the development team learns more about the system under development,
some of the classes identified early in the lifecycle are discarded, while
others carry through all the way to implementation. Moreover, the
boundaries of certain classes change by reallocating responsibilities,

splitting larger classes to groups of collaborating ones, etc.

The product of this step is a data dictionary of all significant classes that is
updated as development proceeds. The activity of identifying classes and
objects is completed when a stable data dictionary is produced that contains
an adequate set of classes, consistently named and with a reasonable

separation of responsibilities.

B.2.2 Identify the semantics of classes and objects

The purpose of this activity is to identify the responsibilities, that is, the
behaviour and attributes of each class identified in the previous phase.
During analysis, this step identifies the responsibilities of the classes derived
from the system domain. During design, this step distributes the
responsibilities among the parts of the system under development. During
implementation, this step specifies the interface of each class and defines the
concrete signature of each operation. The activities that take place during
this phase are the responsibility definition, the isolated class design and the

pattern search.
The starting point of the responsibility definition is the use cases and the use

case scenarios generated by the macro process. The order of events that

takes place during this activity is:
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For each use case and use case scenario reconsider the classes and
objects identified in the previous phase.

Walk through each use case and each use case scenario, allocating
responsibilities to each object sufficient to accomplish the desired
behaviour. Use interaction diagrams, namely collaboration and sequence
diagrams, to show the distribution of responsibilities among the objects
of each use case. Moreover, use statechart diagrams to show the
responsibilities of certain classes whose behaviour depends on their
current state.

Reallocate responsibilities so that there is a balanced distribution of
behaviour. Consider reusing responsibilities, splitting large
responsibilities into smaller ones and combining trivial responsibilities

to larger ones.

Early in the development process the responsibilities of each class and each

object may be defined in natural language. As the development process

proceeds, the names of the operations that satisfy each responsibility are

defined, and finally the full signature of each operation is specified.

During isolated class design, the development team focuses on a single

class and defines the set of operations that satisfy the responsibilities of the

class. The order of events that takes place during this activity is:

Select one class and identify its responsibilities.

Specify a set of operations that satisfy these responsibilities. Consider
reusing operations for similar responsibilities.

Consider each operation and check whether it is primitive. If not, split it
into more primitive ones. Composite operations may be kept in the class

itself or defined in a utility class.
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e Consider the policy for construction, copying, and destruction. Follow a
common policy for these behaviours and do not allow the class to have
its own idiom unless that is absolutely necessary. This event takes place
later in the development process.

e Consider the need for completeness; add other primitive operations that
complete the semantics of the class although they are not required by the

present clients.

If the class is part of an inheritance lattice, then consider placing the
operations of the class higher in the hierarchy and consider introducing new
classes if necessary. For example, operations that may be used by two or

more peer classes should be placed in a common superclass.

During pattern search, the development team searches for common
behaviours in order to exploit opportunities for reuse. The order of events
that takes place during this activity is:

e Secarch the set of use cases and use case scenarios for patterns of
collaborations among classes/objects and explicitly document the non-
trivial ones so that they can be reused rather than reinvented.

e Search the set of responsibilities for patterns of behaviour and consider
unifying common responsibilities, for example, in common abstract
classes.

e Search for patterns within operation signatures. This event takes place
later in the development process when operation signatures are
specified. Remove any unnecessary differences and introduce, for
example, utility classes that contain operations that are found in two or

more classes.
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The products of this activity are a refined data dictionary that includes the
responsibilities assigned to each class and each object as well as a set of
collaboration diagrams and sequence diagrams that capture the semantics of
the use cases. The activity of identifying the semantics of classes and
objects is completed when an adequate, primitive and complete set of

responsibilities and operations is produced for each class and each object.

B.2.3 Identify the relationships among classes and objects.

The purpose of this activity is to clearly define the boundaries of each class
and to identify the classes that collaborate with each class. The activities
that take place during this phase are the specification of associations, the

identification of various collaborations and the refinements of associations.

The specification of associations is mainly an analysis and early design

activity during which the development team captures the details of the

relationships between classes without having to make premature design
decisions. The order of events that takes place during this activity is:

e Select the classes of one or more use cases, and populate the diagram
with the operations and attributes of each class as needed to show the
significant properties of the system part being modelled.

e Consider the presence of a semantic dependency between any two
classes such as the need for navigation from one object to the other and
the need for triggering some behaviour from an object, and define a
binary association if such a dependency exists. Next, consider the
presence of a semantic dependency between three or more classes and
define an n-ary association if such a dependency exists. This kind of
association is not often encountered and it should be used only when it
cannot be replaced by a semantically equivalent set of binary

associations. Some associations may immediately be identified as
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generalisation relationships, aggregation associations or composition
associations.

For each association specify the role and the multiplicity of each
participating class as well as any other constraint that applies to the
association ends or to the association itself.

Validate these decisions by walking through use cases and use case
scenarios, and verifying that associations provide the navigation and

behaviour required by each use case.

The identification of collaborations is mainly a design decision. The

development team should consider several kinds of collaborations,

depending on the phase of the macro process in which the team is:

Specify the mechanisms identified in the previous step through object
diagrams, each illustrating the dynamic semantics of a mechanism.
Validate each mechanism by walking through use case scenarios and
consider introducing concurrency. During this activity, new paths may
be introduced among objects or existing ones may be removed.

Consider placing the classes into a generalisation/specialisation
hierarchy. Where necessary introduce new classes as part of the
hierarchy. Review the resulting class diagram in order to ensure that the
hierarchy lattice is well balanced, that is, it is not too tall or too short and
neither too wide nor too shinny. If patterns of structure or behaviour
appear among classes, reorganise the hierarchy only if there is no loss of
simplicity.

Consider grouping classes into packages and components into nodes.
This is done by taking a global view of the system and splitting it into
parts. Each part should denote a service offered by the system, which is
logically cohesive and/or likely to change independently from the

others.
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Consider allocating classes and objects to components. This activity is
part of mapping the system model to actual code and enables the
development team to make decisions on the implementation of the

classes identified so far.

The refinement of associations is both an analysis and design activity.

During analysis some of the associations are semantically refined as a result

of the developments team’s increasing understanding of the system under

development. During design, the associations are refined and even new ones

are added in order to be closer to implementation. The order of events that

takes place during this activity is:

Select a set of classes that are grouped by some set of associations and
search for patterns of behaviour that indicate the opportunity for
introducing generalisation relationships. Place the classes in an existing
inheritance lattice, or create a new one if an appropriate lattice does not
already exist.

Search for patterns of structure and capture them by introducing new
classes through inheritance or aggregation.

Search for classes with similar behaviour that are either disjoint peers or
not part of an inheritance lattice and consider introducing parameterised
classes.

Consider the navigability of existing associations.

Consider defining the characteristics of the existing associations such as
keys, multiplicity etc.; include only the association characteristics that
are important for the analysis or design phase, or that are necessary for

implementation.

The products of this step are a refined data dictionary that includes the

relationships defined among classes and objects, as well as a set of class,
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collaboration and deployment diagrams. The activity of identifying the
relationships among classes and objects is completed when the relationships

between the important classes have been specified.

B.2.4 Identify the spatial semantics of classes, objects and relationships

The purpose of this phase is to define the spatial semantics of the classes
and objects that were identified as part of the system domain earlier in the
micro process. When considering the spatial semantics of the classes in a
hierarchy lattice, the development team should start by considering the root
of the hierarchy lattice, and then continue by examining the classes all the

way down to the leaves. For each class the order of events that take place is:

e [Identify the spatial semantics of the attributes. For each attribute of the
class consider whether:

o The attribute value should be a spatial extent (spatial attribute).

o The attribute should have a set of thematic values, each associated
with a spatial extent representing the location where that attribute
value is valid, i.e. the attribute values may change over space and
their changed values should be retained (spatially dependent thematic
attribute).

o For each spatial and spatially dependent thematic attribute, consider
its spatial dimension(s) (0-D, 1-D, 2D).

o For each attribute that the class inherits from its superclasses,
consider changing its spatial dimensions (e.g. 0-D to 2-D) or
changing the number of spatial dimensions defined (e.g. 1-D to 1-D
and 2-D).

o Define the spatial semantics of the class.
o Consider whether the objects’ positions in space are of interest

(spatial objects/class).
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o A class with one or more spatial or spatially dependent thematic
attributes should be defined as a spatial one, i.e. its objects should be
associated with one or more spatial extents.

o Identify the spatial semantics of the associations. If the class has spatial
semantics, then for each association identified earlier in the micro
process in which the class participates, consider whether:

o Each association instance (link) should be associated with a spatial
extent representing the location where the link is valid, i.e. the link
may change over space and its changes should be retained (spatially
dependent association).

o For each spatially dependent association consider its spatial
dimension (0-D, 1-D, 2D) based on the spatial dimensions of the
participating classes.

o Define the spatial semantics of the classes that belong to the same
hierarchy as the class under consideration. If the class has one or more
superclasses with spatial semantics, then the class as well as its

subclasses should also have spatial semantics.

Early in the development process, spatial and spatially dependent thematic
attributes, spatial classes and spatially dependent associations are defined.
As development proceeds, the spatial semantics of classes and their
properties are re-examined and are refined to include the spatial dimensions

and interpolation of information.

The products of this activity are a refined data dictionary as well as a set of
class diagrams that capture the spatial semantics of classes and
relationships. The activity of identifying the spatial semantics of classes,
objects and relationships is completed when the spatial semantics of all the

significant classes and relationships have been specified.
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B.2.5 Identify the temporal semantics of classes, objects and
relationships

The purpose of this phase is to define the temporal semantics of the classes

and objects that were identified as part of the system domain earlier in the

micro process. When considering the temporal semantics of the classes in a

hierarchy lattice, the development team should start by considering the root

of the hierarchy lattice, and then continue by examining the classes all the

way down to the leaves. For each class the order of events that take place is:

o Identify the temporal semantics of the attributes. For each attribute of
the class, its temporal semantics are considered. In particular:

o For each thematic attribute consider whether the attribute should
have a set of thematic values, each associated with one or more
timestamps (the value’s valid and/or transaction time), i.e. the
attribute values may change over time and their changed values
should be retained (temporally dependent thematic attribute).

o For each spatial attribute consider whether its value should be
associated with one or more timestamps representing the spatial
extent’s valid and/or transaction time (temporally dependent spatial
attribute).

o For each spatially dependent thematic attribute consider whether the
attribute should have a set of thematic values, each associated with a
spatial extent and one or more timestamps (spatio-temporally
dependent thematic attribute).

o For each attribute that the class inherits from its superclasses,
consider specialising its temporal semantics. In particular, an
attribute without any temporal semantics may be refined to a
transaction, valid or bitemporal time attribute, while a transaction or

valid time attribute may be refined to a bitemporal time attribute.
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o Identify the temporal semantics of the associations. For each association
identified earlier in the micro process in which the class participates,
consider its temporal semantics. In particular:
o For each association without spatial semantics consider whether the
association should have a set of links, each associated with one or
more timestamps (the value’s valid and/or transaction time), i.e. the
links may change over time and their changes should be retained
(temporally dependent association).
o For each spatially dependent association consider whether the
association should have a set of links, each associated with a spatial
extent and one or more timestamps (spatio-temporally dependent
association).
o For each association that the class inherits from its superclasses,
consider specialising its temporal semantics. In particular, an
association without temporal semantics may be refined to a
transaction, valid or bitemporal time association, while a transaction
or valid time association may be refined to a bitemporal time
association.
e Define the temporal semantics of the class.
o If the class is not a spatial one, consider whether each object of the
class should be associated with one or more timestamps, representing
the object’s valid and/or transaction time (temporal class).
o Ifthe class is a spatial one, consider whether:
= Each object of the class should be associated with a spatial extent
and one or more timestamps representing the object’s valid and/or
transaction time (spatiotemporal class).

= Each object of the class should have its spatial extent associated
with one or more timestamps, representing the spatial extent’s

valid and/or transaction time (temporally dependent spatial class).
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= Each object of the class should be associated with one or more
timestamps, representing the object’s valid and/or transaction time
and should have its spatial extent associated with one or more
timestamps, representing the spatial extent’s valid and/or
transaction time (temporally dependent spatiotemporal class).
The temporal semantics of the class must by default include all the
temporal dimensions that its properties have. Moreover, the class may
have more temporal dimensions. In particular, a class without temporal
semantics may only have non-temporal properties, a valid time class
may only have valid time and/or non-temporal properties and a
bitemporal time class may have bitemporal time, valid time, transaction
time and/or non-temporal properties. For example, a class that has non-
temporal properties, one or more valid time properties and one or more
transaction time properties, should be defined as a bitemporal time
class. On the other hand, a class that has non-temporal properties and
one or more valid time properties may be defined as a valid time or a
bitemporal time class.
Define the temporal semantics of the classes that belong to the same
hierarchy as the class under consideration. If the class has superclasses
and/or subclasses, then update the hierarchy lattice so that each subclass
either belongs to the same temporal category as its superclass, or has
more temporal dimensions. In particular, a non-temporal class should
have as a subclass non-temporal, transaction, valid or bitemporal time
classes. A transaction time class should have as a subclass transaction or
bitemporal time classes. A valid time class should have as a subclass
valid or bitemporal time subclasses. Finally, a bitemporal time class may

have as a subclass only bitemporal time classes.

Early in the development process, valid, transaction and bitemporal classes,

attributes and relationships are defined. As development proceeds, the
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temporal semantics of classes and their properties are re-examined and are
refined to include the granularity and type of the valid time timestamp of

each valid and bitemporal time information.

The products of this activity are a refined data dictionary as well as a set of
class diagrams that capture the temporal semantics of classes and
relationships. The activity of identifying the temporal semantics of classes,
objects and relationships is completed when the temporal semantics of all

the significant classes and relationships have been specified.

B.2.6 Implement classes and objects

The purpose of this activity is to define the representation of the classes and

objects defined in the previous activities, and to define the mapping of these

representations to actual code. During analysis, the purpose of this activity

is to refine the existing classes and objects in order to reveal new classes and

objects to which responsibilities may be delegated. During design the

purpose of this activity is to create executable or near-executable

representations of the existing classes and objects. The order of events that

takes place during this activity is:

e For each class consider its interface. Identify the operations that should
be optimised and define the signatures of all the important operations.

e Before choosing a representation from scratch, consider the use of
inheritance for implementation, or the use of parameterised classes.

e Consider the objects to which responsibilities may be delegated.

e If the class’ semantics can not be provided through the representations
mentioned in the two previous events, consider a suitable representation

from scratch.
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e Select a suitable algorithm for each operation. Divide complex

algorithms into a set of auxiliary operations that are less complicated

and more likely to be reused.

The products of this activity are a refined data dictionary as well as a set of

diagrams (class, interaction, statechart and/or deployment diagrams).
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Appendix C

The UML use case scenarios

This appendix presents the use-cases scenarios that define in detail the

events modeled by URM-Microsim.

C.1  The Housing Demand use case scenarios

The Housing Demand sub-model consists of the following use cases:

C.1.1 Demographic change use case scenario

Use Case Name: Demographic change

Summary: The demographic changes and the development of the

population are determined.

Actor: Household, Individual

Precondition: -

Description:

e Each individual is subjected to the probability of experiencing one of the
death, fertility, union formation, union dissolution, flat-mate formation,
flat-mate leaving, nest leaving events and out-migration, based on the
individual’s current life cycle stage, as well as the previous event
experienced by the individual’s household.

e The In-migration use case is called.

Postcondition: The household denotes whether it intends to search for a

new house or not.
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C.1.2 Death use case scenario

Use Case Name: Death

Summary: An individual dies.

Actor: Individual

Precondition: An individual is subjected to a probability of dying based on

his/her age and sex.

Description:

1. The individual dies.

2. The individual is removed from the population.

3. If the individual was a worker then his/her job is denoted as available.
4. The number of deaths increases by one.

5. The household size is decreased by one.

6. The household expresses the intention to move to another dwelling

Alternatives:

If the individual belonged to a one-member household, then:

5. The household is removed from the household set.

6. The dwelling the household occupied is vacated and added to the
housing supply set.

If the individual was parent in a one-parent household with one or more

children, then consider defining a guardian (>=18 years old) from the

remaining household members. If no guardian is available then:

5. The household is removed from the household set.

6. The children are added to the orphan set.

7. The dwelling the household occupied is vacated and added to the
housing supply set.

Postcondition: The household intends to search for a new house with low

intensity.
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C.1.3 Fertility use case scenario

Use Case Name: Fertility

Summary: An individual gives birth to one or more individuals

Actor: Individual

Precondition: A woman of age >= 10 is subjected to a probability of giving
birth based on her age.

Description:

1. The individual gives birth to a child.

A new individual is created.

The sex of the child is determined.

The child is subjected to the infant mortality probability.

AN

If the child survives, it becomes a member of the household to which the

mother belongs.

6. The household size increases by one.

7. The household expresses the intention to move to another dwelling.

Alternatives:

e If more than one child is born, the scenario is repeated for each child.

e If the infant dies, then the number of deaths increases by one and the use
case terminates.

Postcondition: The household intends to search for a new house with /ow

intensity.

C.1.4 Union formation use case scenario

Use Case Name: Union formation

Summary: An individual finds a partner and decides to live in with
her/him.

Actor: Individual

Precondition: An individual, who is of age >= 10 and not married, is

searching for a partner.
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Description:

1. The individual searches for a not married individual of the opposite sex

and of certain age.

2. If the individual finds a partner, then the couple decides to live together

(form a household).

3. If both individuals live with their parents or flat-mate, then a new

household is created.

4. The new household expresses the intention to find a dwelling.

Alternatives:

e [fthe individual does not find a partner, then the use case terminates.

e If one partner already has a dwelling of his/her own, then:

3.
4.
5.

The other partner moves in with him/her.

The existing household is updated and its size is increases by one.
The household, to which the moving partner belonged, decreases in
size by one

The household expresses the intention to search for a house with low

intensity.

e [fboth partners already have a dwelling of their own, then:

3.
4.

The couple decides which dwelling to keep.

The corresponding household is updated and its size is increases by
one.

The household of the moving partner is removed from the household
set.

Its dwelling is vacated and added to the housing supply set.

The household expresses the intention to search for a house with low

intensity.

Postcondition: The new household intends to search for a house with

medium intensity.
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C.1.5 Union dissolution use case scenario

Use Case Name: Union dissolution

Summary: A couple that belongs to the same household (married or

cohabitates) decides to separate.

Actor: Household

Precondition: A couple is subjected to a probability of splitting based on

the female’s age and the years of marriage.

Description:

1. The household is simulated to split.

2. TItis decided which parent keeps the children (if any).

3. It is decided which partner (male or female) moves out of the current
dwelling.

4. A new household is created and consists of the partner that moves out.

5. The original household size is decreased by the number of moving out
members.

6. The new household must move to another dwelling.

Alternatives:

e [f the new household decides to leave the housing market under
examination, then the use case terminates.

Postcondition: The household intends to search for a new house with high

intensity.

C.1.6 Nest leaving use case scenario

Use Case Name: Nest leaving

Summary: An individual, who lives with his/her parents, decides to leave.
Actor: Individual

Precondition: An individual of age >= 18, who still lives with his/her
parents is subjected to a probability of moving out.

Description:

1. The individual is simulated to leave his/her parents.
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2. The original household decreases in size.

3. If the individual decides to remain in the housing market under
examination (the individual should have a job/income), then he/she
forms a new single-member household.

4. The new household expresses the intention to move to another dwelling.

Alternatives:

e If the individual decides to leave the housing market under examination
(to search for a job or study at a university), then the use case terminates.

Postcondition: The new household intends to search for a new house with

medium intensity.

C.1.7 Flat-mate formation use case scenario

Use Case Name: Flat-mate formation

Summary: An individual who lives on his/her own or flat-mates with others

decides to find another individual to flat-mate.

Actor: Individual

Precondition: An individual who lives on his/her own or flat-mates with

others is subjected to the probability of finding another flat-mate.

Description:

1. The individual searches for an individual of the same sex and age range
who lives on his/her own or flat-mates with others.

2. If the individual finds a flat-mate, then they decide to flat-mate (form a
household).

3. If both individuals live with their others, then a new household is
created.

4. The new household expresses the intention to find a dwelling.

Alternatives:

e Ifthe individual does not find a flat-mate, then the use case terminates.

e [f one flat-mate already has a dwelling of his/her own, then:
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The other flat-mate moves in with him/her.

The existing household is updated and its size is increased by one.
The household, to which the moving flat-mate belonged, decreases
in size by one

The household expresses the intention to search for a house with low

intensity.

If both flat-mates already have a dwelling of their own, then:

3.
4.

They decide which dwelling to keep.

The corresponding household is updated and its size is increased by
one.

The household of the moving flat-mate is removed from the
household set.

Its dwelling is vacated and added to the housing supply set.

The household expresses the intention to search for a house with low

intensity.

Postcondition: The new household intends to search for a house with

medium intensity.

C.1.8 Flat-mate leaving use case scenario

Use Case Name: Flat-mate leaving

Summary: An individual, who flat-mates with others, decides to leave.

Actor: Individual

Precondition: An individual who flat-mates with other individuals is

subjected to the probability of leaving the household to live on his/her own.

Description:

1. The individual is simulated to leave the household.

2. The original household decreases in size.

3. If the individual decides to remain in the housing market under
examination, then he/she forms a new single-member household.

4. The new household expresses the intention to move to another dwelling.
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Alternatives:

e [f the individual decides to leave the housing market under examination,
then the use case terminates.

Postcondition: The new household intends to search for a new house with

medium intensity.

C.1.9 Out-migration use case scenario

Use Case Name: Out-migration.

Summary: An individual or a household decides to migrate out of the

housing market.

Actor: Individual, Household

Precondition:

1. A child of age 18 and above may decide to study at the University of
another city.

2. If a household searches for a dwelling with high intensity and fails to
find one, then the household is subjected to the probability of out-
migrating based on the years of housing search.

3. If the primary worker of a household is unemployed or cannot find a job
that satisfies him/her, then the household is subjected to the probability
of out-migrating based on the years of unemployment.

Description:

1. The household is simulated to out-migrate.

2. The household is removed from the household set and its members from
the population.

3. If one or more members of the household were workers, then their jobs
are denoted as available.

4. The household’s dwelling is vacated and added to the housing supply
set.

Alternatives:
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e If only one individual is simulated to out-migrate then the original
household decreases in size.

Postcondition: The housing market is updated.

C.1.10 In-migration use case scenario

Use Case Name: In-migration

Summary: Households outside the housing market decide to in-migrate.
Actor: Household

Precondition: The number of households entering the housing market is
determined.

Description:

1. A new household is formed for each in-migrating household.

2. The individuals — members of each household — are created.

3. The new households must find a dwelling.

Postcondition: The new households intend to search for a new house with

high intensity.

C.1.11 Income change use case scenario

Use Case Name: Income change

Summary: An individual has its income changed due to its occupation.

Actor: Individual

Precondition: An individual of age 18 and above.

Description:

e [f the education career of the individual is not already set then the
Education use case is called.

e [fthe individual is not a worker, then the Job entry use case is called.

e If the individual already works, then the Job change use case is called.

Alternatives:
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e The worker becomes unemployed and his/her salary is set to the
unemployment allowance. It is decided whether the job is suspended or
denoted as available. His/her household expresses the intention to move
to another dwelling. The household intends to search for a house with
high intensity.

e The worker retires and his/her pension is determined. The worker’s job
is denoted as available. His/her household expresses the intention to
move to another dwelling. The household intends to search for a house
with low intensity.

Postcondition: The worker’s household denotes whether it intends to search

for a new house or not.

C.1.12 Education use case scenario

Use Case Name: Education

Summary: The education career of an individual is determined.

Actor: Individual

Precondition: An individual of age 15 and above.

Description:
The education group to which the individual belongs is determined
(none, primary or less, lower secondary, upper secondary, post
secondary, tertiary).

Postcondition: The individual is assigned an education career.

C.1.13 Job entry use case scenario

Use Case Name: Job entry

Summary: An individual, who does not already work, finds a job.

Actor: Individual

Precondition: An individual of age 15 who is not a soldier, or an individual

who does not work (immigrant or currently unemployed worker).
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Description:

1. The individual is simulated to search for a job with high intensity.

2. The Job search use case is called.

3. If the individual finds a job then his/her salary is determined based on
his/her education and type of occupation.

4. The worker’s household expresses the intention to move to another
dwelling.

Alternatives:

e If the individual does not find a job, then he/she is denoted as
unemployed and his/her salary is set to the unemployment allowance.
His/her household intends to search for a house with high intensity.

Postcondition: The worker’s household intends to search for a new house

with low intensity.

C.1.14 Job change use case scenario

Use Case Name: Job change

Summary: A worker searches for a new job.

Actor: Individual

Precondition: An individual, who already works, is subjected to a

probability of searching for a job.

Description:

1. The worker is simulated to search for a job with low intensity.

2. The Job search use case is called.

3. If'the worker finds a new job, then his/her characteristics are updated.

4. The worker’s previous job is denoted as available

5. The worker’s household expresses the intention to move to another
dwelling.

Alternatives:

e If the worker does not find a new job then:

306



Appendix C The Housing Market Model use case scenarios

3. The worker remains at his/her current job.

4. He/she is subjected to the probability of having a salary rise.

5. [If the salary rise takes place then the amount of rise is determined
based on the worker’s education, type of occupation and previous
salary.

6. The worker’s household expresses the intention to move to another
dwelling.

Postcondition: The worker’s household intends to search for a new house

with low intensity.

C.1.15 Job search use case scenario

Use Case Name: Job search

Summary: An individual, searches for a job.

Actor: Individual

Precondition: An individual is simulated to search for a job.
Description:

1. The individual searches for a job according to the following criteria:

a. The type of occupation should correspond to the education group to
which the individual belongs.

b. The job offers a higher salary than the one offered by the worker’s
current job based on the worker’s education group and the type of
occupation.

c. The job is located at the city center or at the residence zone of the
individual’s house or neighboring residence zones.

2. If the individual finds a job that matches his/her criteria, then he/she
accepts the job offer.

Alternatives:

e If the individual does not already have a job, then he/she searches for a
job according to the 1.a criteria (the remaining criteria are not taken into

consideration).
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Postcondition: The individual’s job characteristics are updated.

C.1.16 Demand change use case scenario

Use Case Name: Demand change

Summary: The household’s housing standards change.

Actor: Household

Precondition: A household that does not have experienced a demographic

or income change event is subjected to the probability of searching for a

new dwelling due to demand changing.

Description:

e A household whose rent and housing expenditure are lower than the
household’s housing budget is simulated to request housing in a more
attractive neighborhood aiming for socio-economic upgrading.

e A household whose rent and housing expenditure exceed the
household’s housing budget is simulated to request a less expensive
dwelling.

Postcondition: The household intends to search for a new house with /ow

intensity.

C.2  The Housing Supply use case scenarios

The Housing Supply sub-model consists of the following use cases:

C.2.1 New construction use case SCEenario
Use Case Name: New construction
Summary: New dwellings are constructed.

Actor: Dwelling
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Precondition: The number of new dwellings to be added to the housing
supply set is determined based on the market’s mobility and housing
shortage.

Description:

1. The location of each new dwelling is determined based on the
undeveloped land suitable for development of the market area and the
market’s housing demand trends.

2. The dwelling’s type and services are determined based on the market’s
housing demand trends.

3. A new dwelling is created and added to the vacated dwellings set, for
each newly constructed dwelling.

Postcondition: The house stock is updated.

C.2.2 Structure conversion use case scenario

Use Case Name: Structure conversion

Summary: The structure of a dwelling is converted according to some

possible way.

Actor: Dwelling

Precondition: -

Description:

1. If the dwelling is unoccupied and large in size, then the Split use case is
called.

2. If the dwelling is unoccupied and small in size, then its neighboring
dwellings are also examined; if the same conditions apply to one or
more neighboring dwellings, then the Combination use case is called.

3. The Renovation use case is called.

Postcondition: The house stock is updated.

C.2.3 Renovation use case scenario

Use Case Name: Renovation
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Summary: A dwelling is renovated.

Actor: Dwelling

Precondition: A dwelling in medium or poor condition is subjected to the

probability of being renovated.

Description:

1. The cost and difficulty of the renovation are determined based on the
current and targeted construction qualities of the dwelling.

2. If the renovation takes place, then the type of renovation is determined
(dwelling maintenance, dwelling extension, number of rooms change
etc).

3. The dwelling’s characteristics are updated.

Postcondition: The house stock is updated.

C.2.4 Split use case scenario

Use Case Name: Split

Summary: A dwelling is split to two or more smaller dwellings.

Actor: Dwelling

Precondition: A vacant, large dwelling is subjected to the probability of

splitting to two or more smaller dwellings.

Description:

1. The cost and difficulty of the split are determined based on how similar
the current and targeted structure types and construction qualities are.

2. If the split is profitable®, then the split takes place.

3. The number of new dwellings is determined based on the size of the
original dwelling.

4. The new dwellings are created and added to the vacated dwellings set.

% The amount that a property owner can invest in a particular year depends on the cash flow
the building generates and on current and anticipated levels of neighborhood quality

[HUDS].
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5. The original dwelling is removed from the dwellings set.

Postcondition: The house stock is updated.

C.2.5 Combination use case scenario

Use Case Name: Combination

Summary: Two or more dwellings are combined to a larger one.

Actor: Dwelling

Precondition: Two or more vacant, small and neighboring dwellings are

subjected to the probability of being combined to a larger dwelling.

Description:

1. The cost and difficulty of the combination are determined based on how
similar the current and targeted structure types and construction qualities
are.

2. If the combination is profitable, then the combination takes place.

3. A new dwelling is created and added to the vacated dwellings set.

4. The original dwellings are removed from the dwellings set.

Postcondition: The house stock is updated.

C.2.6 Demolition use case scenario

Use Case Name: Demolition

Summary: A dwelling is demolished.

Actor: Dwelling

Precondition: A dwelling in poor condition is subjected to the probability
of being demolished.

Description:

1. If the dwelling is unoccupied then the demolition takes place.

2. The demolished dwelling is removed from the dwellings set.

Alternatives:
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1. If the dwelling is occupied, then the corresponding household
expresses the intention to search for a house with high intensity.
The demolition takes place only after the household moves out

Postcondition: The house stock is updated.

C.2.7 Housing expenditures change use case scenario

Use Case Name: Housing expenditures change

Summary: The housing cost of a dwelling, changes.

Actor: Dwelling

Precondition:

Description:
The housing expenditures (maintenance capital, heat, electricity etc) of
the dwelling is determined based on the dwelling’s type, size, age and
construction quality.

Postcondition: The dwelling’s characteristics are updated.

C.3  The Residential Search and Migration use case scenarios

The Residential Search and Migration sub-model consists of the following

use cases:

C.3.1 Search and migration use case scenario

Use Case Name: Residential search and migration

Summary: All households whose structure or housing circumstances have
changed and all newly formed households as well as the households they
stem from, are simulated to search for a new dwelling.

Actor: Household, Dwelling

Precondition: A household whose structure or housing circumstances have

changed or a newly formed household.
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Description:

1. The Tenure use case is called.

2. The Dwelling Search use case is called.

3. If the household has moved to a new dwelling then the Dwelling
vacation use case is called for the dwelling the household occupied (if
any).

4. The original household(s) (if any) expresses the intension to move to
another dwelling.

Alternatives:

e [t is decided the amount of mortgage.

e If the household fails to find a dwelling then:

o If it is an in-migrating household, the household as well as its
members is deleted.
o In any other case, the household is subjected to the probability of
out-migrating.
= [f the household does not out-migrate then:
o If it already has a dwelling it remains there.
e In any other case the household is deleted and its members
return to their parental households.
Postcondition: The original household(s) (if any) intends to search for a

new dwelling with low search intensity.

C.3.2 Dwelling Search use case scenario

Use Case Name: Dwelling Search

Summary: A household that intends to move to another dwelling searches
the list of vacant dwellings.

Actor: Household, Dwelling

Precondition: A household searches for another dwelling.

Description:
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1. The household searches the list of vacant dwellings for a dwelling
according to the following rules:

a. Dwellings are defined by seven (7) dimensions: dwelling price/rent,
number of rooms, dwelling type, dwelling age, structure condition,
amenities (garden, parking etc), and neighborhood quality. The
household defines the values of the dimensions the desired dwelling
should have, as well as the dimensions that are of importance
(primary dimensions) and those that are not (secondary
dimensions). The desired dwelling is defined based on the event
experienced by the household, the household’s income as well as
whether the household searches for a dwelling to rent or own.

b. The number of dwellings considered by the household, depends on
the search intensity of the household. In other words, households
with high search intensity consider more dwellings than the ones
with low search intensity.

2. If the household decides to accept a vacancy it moves to the new
dwelling and the household and dwelling characteristics are updated.
Postcondition: The household denotes whether it has moved to a new

dwelling or not.

C.3.3 Dwelling vacation use case scenario

Use Case Name: Dwelling Vacation

Summary: If the household moves to a new dwelling then the dwelling the
household occupied is vacated

Actor: Household

Precondition: The household decides to accept a vacancy and moves to the
new dwelling

Description:

1. The dwelling is vacated and added to the housing stock.

2. It is decided whether the dwelling will be available for rent or sale.
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Postcondition: The house stock is updated.

C.3.4 Housing prices change use case scenario

Use Case Name: Housing Prices Change

Summary: The rent and market value of each dwelling are updated based
on housing demand and supply.

Actor: Household, Dwelling

Precondition: -

Description:

e The market value of a dwelling depends on:

o The region-wide (national-wide) value inflation rate.

o The municipality’s housing demand and vacancy rate for dwellings
having the same dwelling type, size, age, neighborhood quality and
construction quality with the dwelling examined.

e In case of a rental dwelling, its rent is determined according to:

o The region-wide (national-wide) rent inflation rate.

o The municipality’s housing demand and vacancy rate for renting
dwellings that have the same dwelling type, size, age, neighborhood
quality and construction quality with the dwelling examined.

Postcondition: The dwellings’ characteristics are updated.

315



Appendix D The Household and Dwelling Questionnaire

Appendix D

The Household and Dwelling Questionnaire

This appendix presents the questionnaire used to collect household and
dwelling information for the city of Mytilene, which was in turn used in the

development of Mytilene’s synthetic population.

316



Appendix D

The Household and Dwelling Questionnaire

HOUSEHOLD - DWELLING QUESTIONNAIRE

A. DWELLING INFORMATION

1. o) AREA 2. BUILDING TYPE 3. CONSTRUCTION PERIOD
.......................... [] One dwelling house []-1919 []1981-85
b) ADDRESS [] Two dwelling houses | [] 1919-45 []1986-90
........................... [] Three or more [] 1946-60 []1991-95
dwelling houses []1961-70 []1996-00
[]1971-80 (] 2000+
4. Renovation year. 6. Dwelling Size 8. TYPE OF HEAT
........................ (m2):..... [] Central
5. Lot Size (m2): ...... 7. Number of bedrooms | [ ]Other .....................
........... ] None
B. HOUSEHOLD INFORMATION
1. Tenure status: 2. Household 3. Household composition
[ ] Owner composition: January 2004:
[ ] Renter Males .....coen..... Males ...............
[ ] Other Females ............... Females ...............
........................... 4. Household composition
Description January 2000:
Males ...............
Females ...............
C. HOUSEHOLD HEAD INFORMATION
1. SEX 3. Temporarily absent. He/she | 4. Marital Status
[ ] Male is: [ ] Never Married
[ ] Female [] Other municipality [ ] Married
2. Yearof Birth | ... [ ] Widow
.................. ] Abroad [ ] Divorced
................................. [] Separated
REASOM v, [] Cohabitate
5. Place of Birth 6. Country Citizenship 7. Municipality
[_] This municipality [] Greece Registration

[] Elsewhere

[] Greece + Other country

[] This municipality
[ ] Elsewhere
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8. Dwelling of residence
in January 2004

[] Same dwelling

[] Other dwelling

Municipality/Country

9. Dwelling of residence in
January 2000

[ ] Same dwelling

[] Other dwelling

Municipality/Country

10. Dwelling of residence
in January 1995

[] Same dwelling

[] Other dwelling

Municipality/Country

11. Searching for a new dwelling?

[]YES [ INO

12. If the answer is YES give reason

13. Education Level

] PhD [] TEI College [] Lower Secondary

[ ] Masters [] Post Secondary [] Primary School

[] University Degree [] Upper Secondary [] Left Primary School
14. Degree 15. What is your employment 16. If the answer in
.............................. status? question 15 was not

@) University [] Working working, which was your

8) Municipality/Country

[] Unemployed

[] Job starter

[] Schoolchild

[ ] Student

[ ] Retired

] Property incomes
[] Family Duties

[ ] Army service

[] Other

employment status the
last time you worked?
[] Working

[] Unemployed

[ ] Job starter

[] Schoolchild

[] Student

[] Retired

[ Property incomes
[] Family Duties

[] Army service
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17. What kind of shop,
company etc do you work
or did you work at?

(Give full description)

18. What was your
employment status
] Employer

[] Self-employed
[ ] Employee

[] Family worker

19. o) What was your
occupation the last time you
worked

(e.g. Accountant assistant)

p) What are or were the major
duties at this work?

(e.g. book keeping)

20. How many hours do
you work or did you

work per week?

21. How many people
work or worked at the
shop, company etc you

work or worked?

22. Place of work
[] Not permanent
[] Permanent
[ ] In the house
[] At the dwelling
municipality
[] At another

municipality

23. What was your
employment status last year?
[ ] Working

[] Unemployed

[] Job starter

[] Schoolchild

[ ] Student

[] Retired

[] Property incomes
[] Family Duties
[] Army service

[] Other

24. What kind of shop,
company etc do you work

or did you work at?

25. What was your
employment status
] Employer

[] Self-employed
[] Employee

(] Family worker

26. How many work at
the shop, company etc

you work or worked?

Questions 27 & 28 should be answered only by women

27. How many children have you given birth to?

Number of children .....

Birth year of the 1, 2" & last child ............

28. Total marriage duration
Years of marriage ........

Year the first marriage took place
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FILL IN THE FOLLOWING INFORMATION FOR EVERY HOUSEHOLD

MEMBER

A. INFORMATION ..... HOUSEHOLD MEMBER

1. SEX 2 Year of
] Male Birth
[ ]Female | ............

4. Relation to household head

3. Temporarily absent.
He/she is:
[] Other municipality

[ ]Husband | [ ] Father/mother
[] Cohabiter | [_] Father/Mother in
] Child Law

[ ] Grandson | [ ] Grandfather/

5. Marital Status
[ ] Never Married
] Married

[ ] Widow

] Divorced

[] Separated

[] Cohabitate

[ ] Abroad [ ] Nephew Grandmother
........................... [ ] Brother/ Sister
Reason [] Brother/ Sister in
......................... Law
[JOther...............
6. Place of Birth 7. Country Citizenship 8. Municipality
[] This municipality [] Greece Registration

[] Elsewhere

[] Greece + Other country

[] This municipality
[ ] Elsewhere

9. Dwelling of residence
in January 2004

[] Same dwelling

[_] Other dwelling

Municipality/Country

10. Dwelling of residence in January
2000

[] Same dwelling

[_] Other dwelling

Municipality/Country

11. Dwelling of
residence in
January 1995

[] Same dwelling
[] Other dwelling

12. Searching for a new dwelling? [ JYES [ ]NO

13. If the answer is YES give reason
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14. Education Level

[ ] PhD [] TEI College [] Lower Secondary

[] Masters [] Post Secondary [] Primary School

[] University Degree

[] Upper Secondary

[] Left Primary School

15. Degree

3) Municipality/Country

16. What is your
employment status?
[ ] Working

[] Unemployed

[] Job starter

[] Schoolchild

[ ] Student

[] Retired

[] Property incomes
[] Family Duties

[ ] Army service

[] Other

17. If the answer in question
16 was not working, which
was your employment status
the last time you worked?

[ ] Working

[] Unemployed

[] Job starter

[] Schoolchild

[] Student

[] Retired

[] Property incomes

[] Family Duties

[ ] Army service

18. What kind of shop,
company etc do you work
or did you work at?

(Give full description)

19 What was your
employment status
[] Employer

[] Self-employed
[ ] Employee

[] Family worker

20. o) What was your
occupation the last time
you worked

(e.g. Accountant assistant)

B) What are or were the
major duties at this work?

(e.g. book keeping)

21. How many hours do you
work or did you work per

week?

22. How many people work or
worked at the shop, company

etc you work or worked?

23. Place of work
] Not permanent
[ ] Permanent

[ ] In the house

24. What was your
employment status last
year?

[ ] Working

25. What kind of shop,
company etc do you work or

did you work at?
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[ ] At the dwelling
municipality
[] At another

municipality

] Unemployed

[ ] Job starter

[] Schoolchild

[ ] Student

[] Retired

[] Property incomes
[] Family Duties
[] Army service

[] Other

26. . What was your
employment status
[ ] Employer

[] Self-employed
] Employee

[] Family worker

27. How many work at the
shop, company etc you work

or worked? ............

Questions 28 & 29 should be answered only by women

28. How many children have you given birth to?

Number of children .....

Birth year of the 1%, 2" & last child ............

29. Total marriage duration
Years of marriage ........

Year the first marriage took place
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