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CoapiKuHa:

Mnarnuparse Ha coobpakajom

NMHTETPATUBEH NMPUCTAN BO NMPOEKTUPAHETO HA AJITEPHATUBHU BUOOBU HA MNMPEBO3:
CTYOWIA HA CNYYA) — U3eopeH HayyeH mpyod
Backa AmaHacosa, [ipazaH UnuescKu, KpucmuHa Xayunemkxosa

MPOMHO3A HA TPAHCNOPTHATA NOBAPYBAYKA BO MANTN TPAOOBU, CO NMPUMEHA HA
CO®TBEPCKW NAKET 3A MPUMEP HA TEBIFENNUIA - U3eopeH Hay4yeH mpyod
Backa AmaHacoea, /luduja Mapkoguk boedaHoscKa

NNAHUPAHE HA BEJTIOCUMEACKM COOBPAKAJ U PA3BOJ HA MPOrPAMA BO HOBW CALL —
CmpyyeH mpyd
BanenmuHa bacapuk, JejaH Cmojkosuk, JeneHa Mumposuk Cumuk, Munuuya Munu4uk

FONEMW BA3WN HA NOAATOLLM BO COOBPAKAIOT - U3eopeH Hayyen mpyod
CnaéaHa JaHkosuk, AywaH MnaadeHosukK, CHexcaHa MnadeHosuk, CmegaH 30pasKo8UK,
AHa Y3enay

NOHTUTYAWHANTHU NOAATOLNM 3A AONTOPOYHO MOLENNUPAHE HA YPBAHATA
MOBUNHOCT - CmpyyeH mpyod
3opaH Kpakymoscku, 3namko 3agpuposcku, MeoHa Hedeacka

3AEQHNYKO BIMJAHUE HA TPAHCNOPTOT U TYPU3MOT — lpeanedeH HayvyeH mpyod
TamjaHa Caskosuk, Munuuya Munuyuk,laene MNumka, HeHad Cmouwiosuk

MPOMOBWPAHE HA YNOTPEBATA HA O4PHKNMBUN BUOOBWM HA MPEBO3 BO /bYB/bAHA -
MpeanedeH HayyeH Mmpyo
AnekcaHoep Cawo LLimajHep

CoobpaKajHO UH}eHepcmeo U Npoekmupare

AHATU3A HA BTMJAHUNETO HA NMPOMEH/IUMBUTE 3HAUU 3A OTPAHUYYBAHE HA
GEP3MHATA BP3 COOEPAKAJHUOT TEK - Cmpyuen mpyd
Hapuo babuk, /lyka Hosauko, AHéenko LLuykaHey,

KOMMAPATMBHA AHA/IN3A HA CUCTEMWTE 3A CUMY/TAUMIA HA COOBPAKAJOT -

CmpyyeH mpyo
JacmuHa byHescka TanescKa
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KOMNAPATUBHA AHA/TU3A HA CUCTEMOT 3A HAMJTATA HA NATAPMHA BO MAKEOAOHWIA
CO TPEHAOBUTE BO EBPOINCKATA YHUIA - Cmpyyen mpyd
ApaxceHko Masuk, MapuHa MuneHkosuk, Munow H. MnadeHosuk

KAPAKTEPM3ALMIA HA COOBPARAJHNOT TEK HA MATULLTATA CO NMPUMEHA HA
PENAUNCKN BA3N HA NOAATOUM - U380peH HayyeH mpyo
Unuja Xpucmocku, Mapuja ManeHkoscka Todoposa

WHTEIMTEHTHA KOHTPOJ1IA HA COOBPAKAJOT BO MPAACKUTE CPEAMHM - UzeopeH
HayyeH mpyod
Edoyapd Nearbko, aHuena Konmoecka Heuocka

MNPErNEA HA MATHATA U XENE3HUYKATA MPEXKA HA KOCOBO BO PAMKUTE HA NAH-
EBPOIMCKATA MPEXA, NMPEKY UHOPACTPYKTYPHUTE MPOEKTU HA EBPOINCKATA YHUIA -
MNpeanedeH HayyeH mpyod

Myxamed KpacHuKu, Bepuya [aHyeecka, Ema bepuwa - KpacHuKu

MPUMEHA HA ®OTOKATANTU3ATA NPU U3TPAABA HA OAPHKINBU NATULLTA —
TEXHOJTOTUJA KOJA BETYBA- Cmpyuen mpyo
Mapuja ManeHkoacka Todopoea, Padojka [oHuyesa, JacmuHa byHescka Taneacka

TpaHcnopm u ¥(ueomHa cpeduHa

MOXHOCTU HA TUC CO®TBEPOT CO OTBOPEH KO/, 3A YMPABYBAHE CO 3ATAJYBAHE HA
BO3YXOT O], COOEPAKAIOT - M3e0peH HayyeH mpyd
bemu AHeeneecka, AnekcaHoap MapKocku

PA3BOJ HA NAMETEH MYNTUOYHKUMOHANEH BPOJAY HA BEOCMNEAMN KAKO
MHOBATUBHO CPEACTBO 3A 3IOJIEMYBAHE HA OAPXIUBATA MOBUTHOCT - CmpyyeH
mpyo

MonorHka AHdjevuy Mywuy

AHATU3A HA BTMUJAHUETO HA KIMMATCKUTE MPOMEHW BP3 BOAEHUOT TPAHCIOPT HA
PEKATA TUCA — lMpeanedeH HayyeH mpyod
AaHujena CmaHKo8UK

B/IMJAHME HA NOTNCTUYKNOT LUEHTAP BP3 MBOTHATA CPEAWHA - U3ssopeH HayyeH

mpyo
Hamawa Cmojuk, Mupa lMyyapesuk, Unuja TaHaykos, CyH4uya Koyuk - TaHyko8

be36edHocm Ha coobpaKajom
BPEAHYBAHE HA B/IMJAHUETO HA KAPAKTEPUCTUKUTE HA NATOT BP3 BE3BEAHOCTA BO

COOBPARAJOT - Cmpyuer mpyd
MapuHa Munerkosuk, ApaxceHko nasuK, BanadaH Tybuk, AHa TprikoguK
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OAOHECYBAHE HA NEWAUWTE HA NEWAYKKU NPEMUHK BO 30HA HA HECUTHAJZTU3SNPAHU
KPCTOCHUUW- Cmpyuyer mpyd
JeneHa Mumposuk Cumuk, BaneHmuHa bacapuk, Byk 6o20aHo8UK

NMOBEKEKPATHW MPUMEHW HA ENIEKTPOXPOMATCKMN MATEPUIAIN BO
ABTOMOBWNCKATA MHAYCTPUIA - Cmpyyen mpyd
Pamka Hewkoscka

META — AHA/ZIM3A KAKO A/IATKA 3A BPEAHYBAHE HA E®EKTUTE O NMPUMEHATA HA
MEPKUTE 3A BE3GEAHOCT BO MATHUOT COOBPAKAI- U3eopeH Hayyen mpyod
LsemaHka Pucmuk, Buonema MaHescka

TpaHcnopmHa no2ucmuKka

PA3BUPAHE HA BAXXHOCTA HA MPUMEHATA HA MEF'YHAPOOHUTE CTAHOAPAMN 3A
KBAJIMTET BO ABTOMOEW/TICKATA UHAYCTPWIA - Cmipyuen mpyo

CuneaHa AHeenescka, bpaHkuya 30pasecka, 8o KyamaHos, 3ope AHeenescKu, Nzop
30pasecKu

AHANTU3A HA TEKOBHATA CUTYAUWMIA N PA3BOJ HA KOHTEHEPCKWN TEPMUWHAN BO
BENTPAL - Cmpy4yeH mpyo
3opaH ByHdano, Munan Munocasreesuk, Mapko bypcak

OYHKUMOHANHOCT HA KAPTUYKW 3A BO3EH NAPK 3A BE3FOTOBUHCKM TPAHCAKLIMU BO
TPAHCNOPTHUTE KOMMNAHWW BO MOJICKA - Cmpyuen mpyo
Maria Ciesla, Aleksander Sladkowski

MOJAEPHW EONHNLMN 3A PAKYBAHE BO UHTEPMOJANTHNUOT TPAHCNOPT - Cmpyuen

mpyo
Une LUesemaHoscku, Backa AmaHacosa, Bepuya [JaHyescka, LlsemaHka LjeemaHoscka

TPAHCNOPTHA NOIMTUKA BO PENYB/IMKA MAKEAOHWIA - Cmpyuen mpyo
Bepuya JaHvescka, Jocugh Tanescku, Nne LjsemaHo8cKu

PA3BOJ HA NHOBATUBEH NOTUCTUYKN MOAEN 3A LOBUBAHE HA BAPAHNOT KBAJTUTET
HA YCNYTA - UseopeH Hay4yeH mpyd
Uso Aykocku, Hukonye []. Tanescku

MATHATA MPEXA BO BA/IKAHCKMUOT PETMOH M MOXHOCTA 3A PA3BOJ HA
MYNTUMOAOANHNOT TPAHCIMOPT - U380peH Hay4yeH mpyo
Ema Bepuwa — KpacHuku, Neo [yKkocKu

NHONKATOPU HA PABOTEHETO BO TOBAPHUOT TPAHCIOPT, MPUMEP OfJ BOCHA U

XEPUETOBUHA- H3eopen nayuen mpyo
Mupcad Kynosuk
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METOAO/10TMN KON MOXKAT OA CE YINOTPEBAT 3A JOBMBAHE HA MOYETHU PELLEHMIA
3A KBAJIUTET BO NMPOBJIEMUTE HA BU3HNC PABOTEHETO HA PEAJTHUTE MHOYCTPUCKU
EHTUTETU - U3eopeH HayyeH mpyod

Uso KyamaHos, CuneaHa AHzenescKa, 3ope AHzenescKu

ANIMKATUBEH METO/ 3A O4JTYHYBAHE BO KOMBUHUPAHUOT TPAHCIOPT:
OBPABOTKA HA CTYANWN HA C/TYYAI- M38opeH Hayuen mpyd
Cmpaxurba MapjaHosuK, [ejaH Padusojes

ONPABOAHOCT HA MPUMEHATA HA OOBPEHUTE NMAKYBAHA MPU TPAHCIMOPT HA
OMNACHW CTOKWU- U3eopeH HayvyeH mpyd
CuHuwa Cpemay, Tara ApcuK, bpaHko Bykobpamosuk, HeHad CmuseaHuK, MopaH Tenuk

MOZAENUPAHE HA NPOLECUTE HA HABABKA CO NMPUMEHA HA MYNTUKPUTEPUYMCKA
AHANU3A- H3eopen nayuen mpyo
Hesmko Cmesuk, Unuja TaHaykos, Mapko Bacureesuk, Kupe JumaHocKu

MOZE/IN 3A YIIPABYBAHE CO NOTMCTUYKN LLEHTAP—IIpeaneden HayyeH mpyo
FopoaH Cmojuk, JogaH Tenuk, CuHuwa Cpemau, CarbuH MuauHKOBUK

KOMBWUHWPAH FUZZY AHP N TOPSIS METO/, 3A PELUABAHE HA MPOBNEM HA NTOKAUMIA -
H3zeo0pen nayuen mpyo
Mapko Bacusreesuk, Hesmko Cmesuk, Unuja Kocuk, Aejaq Mupyemuk

HAMNPEAHO NNAHUPAHKE HA KBAJIUTETOT HA NPOU3BOAOT BO ABTOMOBU/ICKATA
NMHAOYCTPUJA- CmpyueH mpyd

BpaHKkuya 30pasecka, Neo KyamaHos, CuneaHa AHeenescka, 3ope AHaeneacKu, Nzop
30pasecku

YpbaHu mpaHcnopmHu cucmemu

MYNTUMOOANHUN TEPMUHANN 3A NATHULMN - MpeanedeH HayyeH mpyd
Cmedan lopdesuk, Hukona umumpujesuk

MOJENPAHE HA BPEMNHATA 3A BJIE3 U U3/1E3 HA NATHULIM BO METPO CTAHULIUTE -

Cmpyuen mpyo
Hukona KpcmaHocku

OLLEHYBAHE HA PU3UKOT 3A PABOTHATA CPEAMHA HA BO3AYOT HA ABTOBYCOT CO
MEPKWTE 3A 34PABJE W BE3BEAHOCT MPU PABOTA - Cmpyuen mpyo
AHuya Munowesuk, Cna2aHa HedesbKo8UK

MOTPEBEN 3A MPUMEHA HA MOAEPHU CUCTEMMW 3A HAMNATA BO JABHUOT r'PAACKU

MPEBO3 HA NATHULUMU - CmpyyeH mpyd
Bnadumup Monosuk, MunaH CmaHKosuk, lNaene [nadosuk
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BPEAHYBAKE U AHANU3A HA BUBPAUMOHUTE E®EKTU BP3 KOPUCHUUWUTE HA
ABTOBYCWUTE - H3eopen nayuen mpyo
Apazan Cerynuk, AywaH MnadeHosuk

NPOAONKEHO BPEME HA CTOEHE HA ABTOBYCKO CTOJANTULUTE 3APAAW B/IE3 U U3NE3
HA NATHUUN-CmpyuyeH mpyo

Muna+ CmaHKosuK, Masne Madosuk, MunaH lMepuk, AejaH boaukeguK, Baadumup
Monosuk, AywaH Padocasrbesuxk

CNEAEHE U YNPABYBAHE BO PEA/THO BPEME CO JABHNOT TPAHCNOPTEH CUCTEM —
BENTPAL CTYAWIA HA CNYYAJ - CmpyyeH mpyd

CnaseH M. Tuya, CmaHko A. bajuemuk, lMpedpae B. YusaHosuk, AHOpea M.Haé, bpaHko M.
MunosaHo8uK

MPEYKN KOWU BNTNJAAT BP3 ABUXEHETO HA BO3UJTIATA HA JABHUOT NPEBO3 BO CKOIMMJE
AejaH 3namecku—Tlpe2nedeH HayyeH mpyod

Mene3Huuyku coobpakaj

EJTESBHNYKO- NATHW NPETOBAPHU CTAHUUMW: LULEMA U HAYNH HA ®YHKUNOHUPAHSE -
U3eopeH HayyeH mpyod

NeaH Benowesuk, Munow Usuk, MunaHa Kocujep, Hopbepm [lasnosuk, Cnasuwa
AKUMOBUK

MOZEN 3A ONPEAENYBAHE HA KBAJIUTETOT HA YCNTYTATA BO NPEBO30T HA NMATHUUM
CO XKENE3HWUUA - H360pen nayuen mpyo
Kupe AumaHocku, NlopoaH Cmojuk, Mueopye BpomaHocKu

CNCTEMW 3A CNELEHE N OTKPUBAHE HA HEOOCTATOUUTE HA KENE3HUYKUTE BATOHU
- CmpyyeH mpyd
*usoma lopdesuk, JosaH Tenuk, 3opaH ByHdano, HeHad KeumaH, Crnasuwa AKUMOBUK

PEKOHCTPYMPAHSE HA ,)KENESHULLE CPEUIE AL - Cmpyuen mpyd
HeHad KeumaH, *{usoma lopéesuk

CUMYNALIMIA HA OO BUBAHE HA MKENE3HMYKN COOBPAKAJ MO ABOJHA HKENE3HNYKA
MPYrA CO NOMOLL HA PETRI MPEXKWU - U38opeH HayyeH mpyd

CarbuH MunuHKosuK, Japocnas Mauwek, Cnagko Beckoauk, MunaH Mapkosuk, NeaH
benowesuk

ONTUMU3ALIMIA HA YTOBAPOT HA MANETHU EANHULN BO XKENE3HNYKUTE BATOHMU -
U3eopeH HayyeH mpyod

CHexcaHa MnadeHosuk, CmegaH 30paskosuk, Cnagko BeckosuK, Ca2aHa JAHKOBUK,
Musoma lopéesuk
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AHANN3A HA NPUYUHUTE 3A N3JTU3TYBAHE HA BO3 CO NMPUMEHA HA FAULT TREE
AHANW3A - U380peH HayyeH mpyo

Hopbepm lMasnosuk, Musnow KocmaduHosuk, Muna+d Mapkosuk, Munow Ueuk, MunaHa
Kocujep

KOHTPOBEP3/ KOV CE OAHECYBAAT HA LUEHTPAIM3UPAHUOT U OELUEHTPANIMIUPAHNOT
MPUCTAN BO ANOKALIMIATA HA UHOPACTPYKTYPHUTE KANAUUTETU HA ENE3HULATA -
- CmpyyeH mpyd

Hukona CmojaduHosuk, bpaHucnae bouikoguk

MowmeHcKu coobpakaj u meneKoMmyHuUKayuu

NCTPAXYBAHE HA MOOEPHU3AUWMIATA HA NOLWITEHCKATA AOCTABA - U3eopeH HayyeH
mpyo
Hukona 'okuk, Momyusno [obpodonay

AOPECMPAHETO KAKO EJIEMEHT HA KBAJIUTETOT BO NOLWTEHCKUTE YCNYTU- UseopeH
Hay4yeH mpyd
Mapuja /bybaHuk, MnadeHka bnazojeguk

MPOMHO3A HA BPOJOT HA TMOLWTEHCKWU YCNYIM BO PEMTMOHOT HA JYTO WUCTOYHA
EBPOTMA - U3sopeH Hay4yeH mpyd
Bumomup Mamoeukr, Momuuso [obpodonay

NMPUMEHA HA KOTHUTUBHO PAANO HA AD HOC MPEXW HA BO3UNA(VANETSs)-lpeanedeH
Hay4yeH mpyod
Cy3zaHa Munaoduk, NopaH MapkoguK, MupjaHa CmojaHosuk, BaneHmuHa Padoju4urk

OBE3BEAYBAKLE HA  KOMMJYTEPCKUTE NOJATOULM U NHOOPMAUUM  BO
ENIEKTPOHCKNOT COOBPAKAJ - Cmpyuen mpyd
CeemnaHa HuKkonockKa, Jos4ye AHeenecKu

MOZEN 3A HATMNPEBAPYBAHE NMOMEFY OBE3BEAYBAYUTE HA TEJIEKOMYHUKALUMCKU

YCNYTW, BA3UPAH BP3 MO/IE/T HA MOBTOPEHA UTPA - Cmpyuen mpyd
BecHa Padorsuk [02amosuk, BaneHmura Padojuduk
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Abstract

The usage of longitudinal data for modelling urban mobility is crucial when
the analysis and forecast model would consider temporal modifications of
behaviour of population in studied urban area. This paper treats the modelling
and forecast of urban mobility on long term based on pseudo-longitudinal data.
The analysis and investigated data are related to the urban area Lille in France.
The examined data are carried out in 1976, 1987 and 1998, according to the
standard methodology for mobility survey of households in France. The
longitudinal data are made from repetitive surveys which makes possible to get
insight in the behaviour dynamics. The decomposition of temporal effects into
an effect of age and an effect of generation (cohort) makes possible to draw the
sample profile during the life cycle and to estimate its temporal deformations.
This is the origin of the “age-cohort” model for forecasting of urban mobility on
long term.

Keywords — urban mobility; forecast; longitudinal data; model

INTRODUCTION

The forecast of urban mobility on long term is great challenge of urban
transport planning. The traditional aggregated model in 4 steps (generation,
distribution, modal split, route assignment) is used frequently toestimate
transport demand [1]. However, this approach is contestable when the transport
demand would be projected on long term.The conventional approach needs
adata from one surveyin particular date, therefore the forecasting of mobility on
long term is basedon static methodological approach.

The most frequently used variables in the first step of traditional aggregate
model are the demographic variables. Basically, the demographic approach
exploits data from repetitive surveys from different dates, whichmakes possible
to get insight in the behaviour dynamics.The notionof longitudinal data

! Professional paper
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includesusage of several surveys from different periods which enablesthe
analysis of evolutions of studied event [2].

The mobility analysis and forecast is possible according to the longitudinal
data if thetemporal effects are dividedinto an effect of age and an effect of
generation [3]. The effects of period, or the impact of the factors affecting all
individuals on the particular date, could be neglected if the stability of these
effects is delicate. The decompositionof temporal effects makes possible to trace
the sample profile during the life cycle and to estimate its temporal
deformations. The specification of the ‘“age-cohort’model exploits the
longitudinal data coming from different mobility surveys and the demographic
data of population. This model ispertinent to forecast trip generationon long
term.

TRANSVERSAL AND LONGITUDINAL DATA

The analysis of demographic phenomena can be carried out according to:

* Transversal analysis - It is possible toanalyse the individualsfrom different
generations given to on date. These analyses,based ontransversal data,mask the
fact that the individuals belong to different generations.

* Longitudinal analysis —It is possible to analyse the individuals who
belonging to a certain generation.The longitudinal data make possible to enter
into the dynamic comportment and into history of the generations. This type of
analysis requires observations deployed in time which is a difficult
characteristic to be fulfilled for certain studies.

The longitudinal analysis in demography has beenused since long time. The
German statistician Lexis offers already in 1875, an original graph to display
simultaneously on the same diagram the relationships between three
dimensions: time (or period), age of individuals (position in the life cycle) and
generation (or cohort) of birth [2]. The year of birth is on abscissa, the age is on
ordinate and in this case the observation period appears on the main diagonal
(Fig. 1).This representation permits seeing the difference between transversal
and longitudinal data. In the case of a transversal analysis, the time is presented
only by the age of individuals.Theusage of longitudinal dataenables the
measurement of time by age (in line) and also a historical measurement of time
(in column).The observations corresponding to same generation appear on the
diagonal crossing the age of individuals and year of observation. It is possible to
observe how each generation affects the life cycle of the studied phenomena,
and the impact by replacement of generations.
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Fig.1.Diagram of Lexis-Becker-Pressat [2]

LONGITUDINAL DATA FROM SURVAYS MADE IN DIFFERENT
PERIODS

The main sources forstudying and forecasting mobility are household
surveys directed to identify the mobility determinants of population at a certain
date. These surveys are standardized, but contain large heterogeneity regarding
the age and generations of individuals [5]. Nevertheless, the transversal data
offer the possibility to identify individuals belonging to the same cohort or
generation of birth. Between the observation period (p), the individual's age (a)
and the generation of birth (cohort c) there is the following relationship:

c=p-a (1)

Using this technique, it is possible to create longitudinal data (pseudo-panel),
which enable to follow cohorts and enter in the dynamics of behaviour. During
the different periods of data collection the economic, social and institutional
modifications were certainly with a variable level. The three surveys
“Household-Trips (EMD), standard CERTU?*” made in Lille (North of France)
in 1976, 1987 and 1998 (Table 1) are the main sources toexamine the urban
mobility and to create a longitudinal data (Table 2) [6].

*CERTU — Centre d’études sur les réseaux, les transports, 1’urbanisme et les
constructions publiques
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Table 1. Samples size of the three surveys

Size of survey

Type of questionnaire 1976 1937 1993
Households 9 804 3465 3744
Individuals (age>Syears) 27 005 8 345 8 454
Internal trips 76 383 29 967 33 907
Total trips 79 948 31969 35 804

Source: EMD 1976, 1987 &1998 inLille

Table 2. Longitudinal data created according tothe three surveys

Year of birth Survey 1976 Survey 1987 Survey 1998
(cohort) Age Size Age Size Age Size
Before 1895 82 &+ 444
1895-1905 71-81 1807 | 82 &+ 159
1906-1916 60-70 2 603 71-81 519 | 82 &+ 150
1917-1927 49-59 3 485 60-70 832 71-81 526
1928-1938 38-48 3842 49-59 1039 60-70 793
1939-1949 27-37 4032 38-48 1111 49-59 958
1950-1960 16-26 5403 27-37 1520 38-48 1418
1961-1971 05-15 5389 16-26 1661 27-37 1350
1972-1982 05-15 1504 16-26 1 835
1983-1993 05-15 1424

Source:EMD 1976, 1987 &1998 inL.ille

ANALYSIS OF MOBILITY THROUGH TRANSVERAL AND
LONGITUDINAL DATA

The analysis of mobility of inhabitantsin Lille is made using a transversal
and longitudinal data through the three variables: number of trips per day and
per inhabitant, traveltime budget’(TTB) and traveldistance budget'(TDB). The
analysis of transversal data show that the mobility of inhabitants in Lille

increases permanently in the analysed period from 1976 to 1998.

Table 3. Mobility analysis according to the three surveys in Lille

) Year of survey
Variable 1976 1987 1998

Number of 2,83 3,60 4,01
trips/individual/day

Travel time budget 44.5 49,5 55,1
(min./individual/day)

Travel distance budget 5,6 7.4 8,8
(km/individual/day)

Source: EMD 1976, 1987 & 1998 in Lille

> TTB is a sum of time for all trips which one person made during an ordinar day.
*TDB is a sum of distance for all trips which one person made during an ordinar day.
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The longitudinal data reveals the impact of different generations for mobility
changing(Fig.2).
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Fig.2. Number of trips/person/day by age group and cohort in the three surveys

The difference between the curves of different cohorts at any given age can
be interpreted as the cohort effect. This approach allowscreating“age-
cohort”model which is pertinent to forecast mobility on long term [5].

PRINCIPALS OF MODEL AGE-COHORT

The basic form of a demographic model describes the changes of the size
global and structure of a human population in a given territory. The application
of the model for mobility projections requires separating the projections of
population and the projections of mobility behaviours. Thus, the general
structure of a demographic model contains two main parts [4]:

- The first part includes the estimations of population and

- The second part concerns the mobility modelling and estimation of a

standard profile during the life cycle.

The data from the three surveys enable assessing the mobility for a certain
number of observed cohorts. The effects of age on urban mobility could be
described by a curve called ,life-cycle standard profile”forreference cohort
(Fig.3). The “age-cohort” model estimates the life-cycle standard profile by age.
The fundamental assumption isthat all deformations of this standard profile are
caused by the effects of cohorts.



43

Travel distance budget
Reference cohort ko

e Cohort k
A ----------- Life-cycle standard profile

Individual's age

Fig.3.Principle for specification of “age-cohort” model

The mathematical expression of the “age-cohort”’model is as follows:

M.k = Oago)Aa T ViCi + €ax (2)
where:
- M,x 1s a measure of mobility observed at age “a”, for individuals of
cohort “k”,

- Oako) 1S @ measure of mobility at age “a” for individual of the reference
cohort “ko”,

- vds a difference in the trajectory of each cohort “k” relative to the curve
for the reference cohort “ko” (y4,=0 for the reference cohort “ko”),

- A and C are dummy variables for “age” and “cohort”

- gk 1S an error term in the model.

CONCLUSION

The “age-cohort”’model can be specified using a pseudo-panel created from
several surveys made in different periods. The usage of this model is pertinent
to enter into the behaviour of different cohorts at specific life time cycle.The
demographic variables as a number of individuals by gender residing in
particular urban area are very suitable for long term projection because they
have a very big inertia concerning important changes in long period.

The projections of mobility in Lille are made until 2030. The analysis and
projections of mobility indicate that the usage of cars increases the daily
distances by preventing at the same time the progression of budget-time. This
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trend gives the impression that the gain of car travel time is converted into extra
daily distances.

The projections of mobility by the “age-cohort” model are significantly
lower than the projections made using a growth factors derived from transversal
data. The insertions of cohort effects influence long-term projections decreasing
purely trend growth.

The “age-cohort” model is appropriate for long-term mobility projections
according to different demographic scenarios. It is important to note that the
projections of population are exogenous.

The verification of projection results is carried out using two methods:

- the confidence interval concerning the data in the three surveys and the
forecast results.

- the linear regression between estimations and observations of mobility.

The validation of model projections is satisfactory for the two audit criteria
which mean that the “age-cohort” model resumes correctly the observed
behaviour in the past.

The main weakness of the ‘“age-cohort” model is that this model
recommends a long-term evolution scenario that seems be unique and
unavoidable. The absence of economic factors in the modelling such as income
of the individual or the prices of transport modes avoids their respective roles in
the projections. However, the projections of economic factors on long term also
present many difficulties and risks [10].

The introduction of a new dimension in the model (i.e. the speed of trips)
helps to overcome the difficulties of the “age-cohort” model related to the
incapacity to simulate different scenarios of transport supply [5].
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