


ii

" . "

" "

:
, ,

;
, , ,

;
, ,

, ;
, ,

, ;
, , ,

;



ii

"St.Kliment Ohridski" University Bitola
Faculty of Technical Sciences Bitola
Department of Traffic and Transport

First International Conference
"Transport in Today's Society"

Co organizers:
Faculty of Transport and Traffic Engineering, Belgrade, University of

Belgrade, Serbia;
Faculty of Technical Sciences, Novi Sad, University of Novi Sad, Serbia;
Faculty of Transport, Katowice, Silesian University of Technology, Poland;
Faculty of Maritime Studies and Transport, Portoroz, University of Ljubljana,

Slovenia;
Faculty of Transport and Traffic Engineering, Doboj, University of East

Sarajevo, Bosnia and Herzegovina;



iii

" "
19 21 Maj 2016, ,

Proceedings First International Conference
"Transport for Today's Society"

19 21 May, 2016, Bitola, Macedonia

:
� �,33

www.tfb.edu.mk

Publisher: Faculty of Technical Sciences Bitola
Makedonska falanga,33 Bitola

Republic of Macedonia
www.tfb.edu.mk

:

�

Editorial board:
Marija Malenkovska Todorova editor

Vaska Atanasova coeditor
Jasmina Bunevska Talevska technical editor

Roberto Pasic �design and prepress
Beti Angelevska

: , / , 2016
Print: Graphic Lab, Faculty of Technical Sciences Bitola/December, 2016

: 100
Number of copies: 100 copies



iv

CIP
" . ",

656(062)

" " (1 ;
2016 ; )

/ "
" 19 21 2016, , ; [

... .] = Proceedings / First
International Conference "Transport for Today's Society" May 19 21
2016, Bitola, Macedonia ; [editorial committee Marija Malenkovska
Todorova ... .]. : ; = Bitola :
Faculty of Technical Science, 2016. 553 . : . ; 25

. .

ISBN 978 9989 786 79 2
I. First International Conference "Transport for oday's Society"
(1 ; 2016 ; Bitola) "

" (1 ; 2016 ; )
)

COBISS.MK ID 101381642



ix

. ( )

. ( )

. ( )

. ( )
( )

( )
. ( )
. ( )
. ( )
. ( )
. ( )

( )

. ( )

. ( )

. ( )

. ( )

. ( )
. ( )
. András Várhelyi ( )
. ( )
. ( )
. ( )
. ( )
. ( )
. ( )
. ( )
. Elzbieta Zaloga ( )
. ( )
. ( )
. (
. ( )



x

. Igor Jakomin ( )
( )

. ( )

. Matsuhashi Keisuke ( )
( )

. ( )

. ( )

. ( )

. ( )

. ( )

. ( )

. Jaroslav Masek ( )

. ( )

. Graham Parkhurst ( )

. ( )

. ( )

. ( )

. Aleksander Sladkowski ( )

. Sanja Steiner ( )

. ( )

. ( )
( )

. Tasaki Tomohiro ( )

. Elen Twrdy ( )

. ( )

. Christer Hydén ( )

. Yoshikuni Yoshida ( )

. ( )

. ( )
( )

. ( )

. ( )

. ( )
( )

. ( )

. ( )

. ( )

. ( )

. ( )

. ( )

. ( )

. ( )

. ( )

. ( )

. ( )

. ( )



xi

. ( )

. ( )

. ( )

. ( )

. ( )

. ( )

. ( )

. Aleksand r Sladkowski( )

. ( )
( )

. ( )



xii

Organizing Committee Members

Chairman
Prof. Marija Malenkovska Todorova (Macedonia)
Members
Prof. Stojance Nusev (Macedonia)
Prof. Vesna Angelevska (Macedonia)
Prof. Silvana Angelevska (Macedonia)
Ass. Prof. Beti Angjelevska (Macedonia)
Ass. Prof. Jasmina Bunevska Talevska (Macedonia)
Prof. Cvete Dimitrieska (Macedonia)
Prof. Ivo Dukoski (Macedonia)
Prof. Mitko Kostov (Macedonia)
Prof. Nikola Krstanoski (Macedonia)
Prof. Cvetko Mitrovski (Macedonia)
Ass. Prof. Roberto Pashikj (Macedonia)

Program Committee Members
Chairman
Prof. Vaska Atanasova (Macedonia)
Members
Prof. Elizabeta Bahtovska (Macedonia)
Prof. Zilvinas Bazaras (Lithuania)
Prof. Valentina Basaric (Serbia)
Prof. Ruzica Bogdanovic (Serbia)
Prof. Kristi Bombol (Macedonia)
Prof. Ile Cvetanovski (Macedonia)
Prof. Verica Dancevska (Macedonia)
Prof. Radojka Donceva (Macedonia)
Prof. Drazenko Glavic (Serbia)
Prof. Perica Gojkovic (Bosnia and Herzegovina)
Prof. Christer Hydén (Sweden)
Prof. Igor Jakomin (Slovenia)
Prof. Jaroslav Masek (Slovakia)
Ass.Prof. Zoran Josevski (Macedonia)
Prof. Marinko Jurcevic (Croatia)
Prof. Matsuhashi Keisuke (Japan)
Ass.Prof. Daniela Koltovska Necovska (Macedonia)



xiii

Prof. Mirsad Kulovic (Bosnia and Herzegovina)
Prof. Ljubisa Kuzovic (Serbia)
Prof. Gorgi Manceski (Macedonia)
Prof. Dejan Markovic (Serbia)
Prof. Goran Markovic (Serbia)
Prof. Milan Markovic (Serbia)
Prof. Snezana Mladenovic (Serbia)
Prof. Graham Parkhurst (United Kingdom)
Prof. Viktorija Petkovska (Macedonia)
Prof. Franko Rotim (Croatia)
Prof. Drago Sever (Slovenia)
Prof. Aleksander Sladkowski (Poland)
Prof. Sanja Steiner (Croatia)
Prof. Vasko Stojanovski (Macedonia)
Prof. Gordan Stojic (Serbia)
Ass.Prof. Slaven Tica (Serbia)
Prof. Tasaki Tomohiro (Japan)
Prof. Elen Twrdy (Slovenia)
Prof. András Várhelyi (Sweden)
Prof. Marko Vasilevic (Bosnia and Herzegovina)
Prof. Slavko Veskovic (Serbia)
Prof. Ilios Vilos (Macedonia)
Prof. Yoshikuni Yoshida (Japan)
Prof. Elzbieta Zaloga (Poland)
Prof. Slobodan Zecevic (Serbia)
Prof. Ratko Zelenika (Croatia)
Prof. Stoimko Zlatkovski (Macedonia)
Prof. Vesna Zlatanovic (Serbia)

Reviewers
Prof. Vesna Angelevska (Macedonia)
Prof. Zore Angelevski (Macedonia)
Ass.Prof. Beti Angjelevska (Macedonia)
Prof. Vaska Atanasova(Macedonia)
Prof. Elizabeta Bahtovska (Macedonia)
Prof. Ruzica Bogdanovic (Serbia)
Ass.Prof. Jasmina Bunevska Talevska (Macedonia)
Prof. Marko Vasiljevic (Bosnia and Herzegovina)
Prof. Slavko Veskovic (Serbia)
Prof. Drazenko Glavic (Serbia)
Prof. Perica Gojkovic (Bosnia and Herzegovina)
Prof. Verica Dancevka (Macedonia)
Prof. Radojka Donceva (Macedonia)
Prof. Ivo Dukoski (Macedonia)
Prof. Marinko Jurcevic (Croatia)
Prof. Nikola Krstanoski(Macedonia)
Prof. Mirsad Kulovic (Bosnia and Herzegovina)
Prof. Marija Malenkovska Todorova (Macedonia)



xiv

Prof. Gorgi Manceski (Macedonia)
Prof. Goran Markovic (Serbia)
Prof. Dejan Markovic (Serbia)
Prof. Milan Markovic (Serbia)
Prof. Cvetko Mitrovski (Macedonia)
Prof. Snezana Mladenovic (Serbia)
Prof. Franko Rotim (Croatia)
Prof. Drago Sever(Slovenia)
Prof. Aleksander Sladkowski(Poland)
Prof. Gordan Stojic (Serbia)
Ass.Prof. Slaven Tica (Serbia)
Prof. Ile Cvetanovski(Macedonia)



xv

:

:
�

, ,

,

,

�

, , ,

, , , ,

, ,

�
, , ,

, ,



xvi

, , .

,

,

,

, ,

�
-  

, ,

,

 

�

 

, , ,
 

, , ,
 



xvii

, ,

�

,
 

 
, , , ,

, ,

 
Maria Cie la, Aleksander Sladkowski

 

, , ,
 

 
, ,

, .

� ,

,
-   

 



xviii

, ,
 

:

,   

, , , ,

-   
, , ,

 
�

, , ,
 

FUZZY AHP TOPSIS
  

, , ,
 

, , , ,

,

 

 

 
,

 

, ,
 



xix

  
,

 

�
, , , ,

,

�

. , . , . , . , .

�

:

, , , ,

  
, ,

, , , ,

� E �
,

PETRI
, , , ,

, , , ,



xx

FAULT TREE

, , , ,

 

,

,

,

,

AD HOC (VANETs)�

, , ,

,

,
,



xxi

Contents:

Traffic Planning

INTEGRATIVE APPROACH IN THE DESIGN OF ALTERNATIVE WAYS OF TRANSPORT: A CASE
STUDY � Original scientific paper
Vaska Atanasova, Dragan Ilievski, Kristina Hadjipetkova

TRANSPORT DEMAND FORECASTING IN SMALL CITIES USING SOFTWARE PACKAGE FOR A
SPECIFIC EXAMPLE FOR GEVGELIJA TOWN Original scientific paper
Vaska Atanasova, Lidija Markovi Bogdanovska

BICYCLE PLANNING AND PROGRAM DEVELOPMENT IN THE CITY OF NOVI SAD � Professional
paper
Valentina Basari , Dejan Stojkovi , Jelena Mitrovi Simi , Milica Mili i

BIG DATA IN TRAFFIC Original scientific paper
Sla ana Jankovi , Du�an Mladenovi , Sne�ana Mladenovi , Stefan Zdravkovi , Ana Uzelac
 
LONGITUDINAL DATA FOR MODELING URBAN MOBILITY ON LONG TERM Professional
paper
Zoran Krakutovski, Zlatko Zafirovski, Ivona Nedevska

MUTUAL INFLUENCE OF TRANSPORT AND TOURISM � Review scientific paper 
Tatjana Savkovi , Milica Mili i , Pavle Pitka, Nenad Sto�ovi

PROMOTING THE USE OF SUSTAINABLE MODES OF TRAVEL IN THE CASE OF LJUBLJANA
CITY� Review scientific paper 
Aleksander Sa�o Steiner

Traffic Engineering and Design

OBSERVING THE IMPACT OF VARIABLE SPEED LIMIT SIGNS ON THE TRAFFIC FLOW
Professional paper
Dario Babi , Luka Nova ko, An elko � ukanec

A COMPARATIVE ANALYSIS OF TRAFFIC SIMULATION SYSTEMS Professional paper
Jasmina Bunevska Talevska

COMPARATIVE ANALYSIS OF THE MACEDONIAN ROAD TOLLING SYSTEMWITH EU TRENDS-  
Professional paper 
Dra�enko Glavi , Marina Milenkovi , Milo� N. Mladenovi  



xxii

ROAD TRAFFIC FLOW CHARACTERIZATION USING RELATIONAL DATABASES Original
scientific paper
Ilija Hristoski, Marija Malenkovska Todorova 
 
INTELLIGENT TRAFFIC CONTROL IN URBAN AREAS Original scientific paper
Edouard Ivanjko, Daniela Koltovska Nechoska

REVIEW OF KOSOVO ROAD AND RAILWAY NETWORK INTO THE PAN EUROPEAN NETWORK,
THROUGH THE EUROPEAN UNION INFRASTRUCTURE PROJECTS � Review scientific paper
Muhamed Krasniqi, Verica Danchevska, Ema Berisha Krasniqi

PHOTOCATALYSIS � A PROMISING TECHNOLOGY FOR SUSTAINABLE ROADS Professional
paper
Marija Malenkovska Todorova, Radojka Donceva, Jasmina Bunevska Talevska

Transport and Environment

POTENTIAL OF OPEN SOURCE GIS FOR MANAGEMENT OF TRAFFIC AIR POLLUTION Original
scientific paper
Beti Angelevska, Aleksandar Markoski

THE DEVELOPMENT OF SMART MULTIFUNCTIONAL CYCLING COUNTER AS AN INNOVATIVE
TOOL TO INCREASE SUSTAINABLE MOBILITY Professional paper
Polonca Andrej i Mu�i

ANALYSIS OF THE IMPACT OF CLIMATE CHANGES ON THE WATER TRANSPORT ON THE TISZA
RIVER Review scientific paper
Danijela Stankovi

THE ENVIRONMENTAL IMPACTS OF LOGISTICS CENTER Original scientific paper
Nata�a Stoji , Mira Pucarevi , Ilija Tanackov ,Suncica Koci Tanckov

Traffic Safety

EVALUATION OF THE IMPACT OF THE ROAD CHARACTERISTICS ON TRAFFIC SAFETY
Professional paper
Marina Milenkovi , Dra�enko Glavi , VladanTubi , Ana Trpkovi

PEDESTRIAN CROSSING BEHAVIOUR AT UNSIGNALIZED CROSSINGS Professional paper
Jelena Mitrovi Simi , Valentina Basari , Vuk Bogdanovi

MULTIPLE APPLICATIONS OF ELECTROCHROMIC MATERIALS IN THE AUTOMOTIVE
INDUSTRY Professional paper
Ratka Neshkovska



xxiii

META�ANALYSIS AS A TOOL TO EVALUATE THE EFFECTIVENESS OF SAFETY MEASURES IN
ROAD TRAFFIC - Original scientific paper
Cvetanka Risti , Violeta Manevska

Transport Logistics

UNDERSTANDING THE IMPORTANCE OF THE INTERNATIONAL QUALITY STANDARDS IN THE
AUTOMOTIVE INDUSTRY � Professional paper
Silvana Angelevska*, Brankica Zdraveska, Ivo Kuzmanov, Zore Angelevski, Igor Zdraveski

ANALYSIS OF CURRENT SITUATION AND DEVELOPMENT OF CONTAINER TERMINAL IN
BELGRADE� Professional paper
Zoran Bundalo, Milan Milosavljevi , Marko Bursa

FUNCTIONALITY OF FLEET CARDS FOR CASHLESS TRANSACTIONS IN POLISH TRANSPORT
COMPANIES � Professional paper
Maria Cie la, Aleksander S adkowski

MODERN TRANSPORT HANDLING UNITS IN INTERMODAL TRANSPORT�Professional paper
Ile Cvetanovski, Vaska Atanasova, Verica Dan evska, Cvetanka Cvetanovska

TRANSPORT POLICY IN THE REPUBLIC OF MACEDONIA� Professional paper
Verica Dan evska, Josif Talevski, Ile Cvetanovski

DEVELOPMENT OF LOGISTIC MODEL AS AN INNOVATION FOR DESIRED QUALITY OF SERVICE
� Original scientific paper
Ivo Dukoski, Nikolce D. Talevski
 
THE ROAD NETWORK IN THE BALKAN REGION AND THE POSSIBILITY OF THE DEVELOPMENT
OF MULTIMODAL TRANSPORT� Original scientific paper
Ema Berisha Krasniqi, Ivo Dukovski

FREIGHT TRANSPORT PERFORMANCE INDICATORS, EXAMPLE FROM BOSNIA AND
HERZEGOVINA� Original scientific paper
Mirsad Kulovic

METHODOLOGIES THAT COULD BE USED FOR GETTING QUALITY INITIAL SOLUTIONS FOR
BUSINESS PERFORMANCE PROBLEMS RELATED TO REAL INDUSTRIAL ENTITIES� Original
scientific paper
Ivo Kuzmanov, Silvana Angelevska, Zore Angelevski

APPLICATIONMETHOD FOR MAKING DECISION IN COMBINED TRANSPORT: THE
PROCESSING OF THE CASE STUDIES � Original scientific paper
Strahinja Marjanovi , Dejan Radivojev



xxiv

JUSTIFICATION OF THE USAGE OF THE APPROVED PACKAGING IN THE TRANSPORT OF
DANGEROUS GOODS� Original scientific paper
Sini�a Sremac, Tanja Arsi , Branko Vukobratovi , Nenad Smiljani , Goran Tepi

MODELLING OF PROCUREMENT PROCESSES USING MULTICRITERIA ANALYSIS�Original
scientific paper
�eljko Stevi , Ilija Tanackov, Marko Vasiljevi , Kire Dimanoski

MODELS FOR LOGISTICS CENTER MANAGEMENT � Review scientific paper
Gordan Stoji , Jovan Tepi , Sini�a Sremac, Sanjin Milinkovi

COMBINED FUZZY AHP AND TOPSIS METHOD FOR SOLVING LOCATION PROBLEM� Original
scientific paper
Marko Vasiljevi , �eljko Stevi , Ilija osi , Dejan Mir eti

ADVANCED PRODUCT QUALITY PLANNING IN THE AUTOMOTIVE INDUSTRY � Professional
paper
Brankica Zdraveska, Ivo Kuzmanov, Silvana Angelevska, Zore Angelevski, Igor Zdraveski

Urban Transport Systems

MULTIMODAL PASSENGER TERMINALS Review scientific paper
Stefan or evi , Nikola Dimitrijevi

MODELLING METRO STATION BOARDING AND ALIGHTING TIMES � Professional paper
Nikola Krstanoski

ACT ON RISK ASSESSMENT FOR THE BUS DRIVER WORKPLACE WITH MEASURES OF HEALTH
AND SAFETY AT WORK� Professional paper
Anica Milo�evi , Sla ana Nedeljkovi

NEEDS FOR APPLICATION OF MODERN FARE SYSTEMS IN PUBLIC CITY PASSENGER
TRANSPORT � Professional paper
Vladimir Popovi , Milan Stankovi , Pavle Gladovi

EVALUATION AND ANALYSIS OF VIBRATION EFFECTS ON BUS USERS� Original scientific
paper
Dragan Sekuli , Du�an Mladenovi

PROLONGED BUS WAITING TIME AT A BUS STOP CAUSED BY PASSENGERS� ENTRANCE AND
EXIT� Professional paper
Milan Stankovi , Pavle Gladovi , Milan Peri , Dejan Bogi evi , Vladimir Popovi , Du�an
Radosavljevi



xxv

REAL TIME MONITORING AND MANAGEMENT IN PUBLIC TRANSPORT SYSTEM � BELGRADE
CASE STUDY� Professional paper
Slaven M. Tica, Stanko A. Baj eti , Predrag V. �ivanovi , Andrea M. Na , Branko M.
Milovanovi

BARRIERS THAT AFFECT THE MOVEMENT OF PUBLIC TRANSPORT VEHICLES IN THE CITY OF
SKOPJE � Review scientific paper
Dejan Zlateski

RailwayTraffic

RAIL ROAD TRANSSHIPMENT YARDS: LAYOUTS AND RAIL OPERATION� Original scientific
paper
Ivan Belo�evi , Milo� Ivi , Milana Kosijer, Norbert Pavlovi , Slavi�a A imovi

MODEL FOR MEASURING QUALITY OF RAILWAY PASSENGER SERVICE � Original scientific
paper
Kire Dimanoski, Gordan Stojic, Gligorche Vrtanoski

SYSTEMS FOR MONITORING AND DISCLOSURE FAILURE ON RAILWAY WAGONS �
Professional paper 
�ivota or evi , Jovan Tepi , Zoran Bundalo, Nenad Kecman, Slavi�a A imovi

RESTRUCTURING OF SERBIAN RAILWAYS JSC Professional paper
Nenad Kecman, �ivota or evi

SIMULATING TRAIN TRAFFIC ON A DOUBLE TRACK RAILWAY LINE BY PETRI NETS� Original
scientific paper
Sanjin Milinkovi , Jaroslav Ma�ek, Slavko Veskovi , Milan Markovi , Ivan Belo�evi

LOADING OPTIMIZATION OF PALLET UNITS IN RAILWAY WAGONS� Original scientific paper
Sne�ana Mladenovi , Stefan Zdravkovi , Slavko Veskovi , Sla ana Jankovi , �ivota or evi

ANALYSIS OF THE TRAIN DERAILMENT CAUSES USING FAULT TREE ANALYSIS� Original
scientific paper
Norbert Pavlovi , Milo� Kostadinovi , Milan Markovi , Milo� Ivi , Milana Kosijer

CONTROVERSIES CONCERNING CENTRALIZED AND DECENTRALIZED APPROACH FOR
ALLOCATION OF THE RAILWAY INFRASTRUCTURE CAPACITY Professional paper
Nikola Stojadinovic, Branislav Boskovic
 

Postal Traffic and Telecommunications

A STUDY ON THE MODERNIZATION OF POSTAL DELIVERY� Original scientific paper
Nikola oki , Mom ilo Dobrodolac



xxvi

ADDRESSING AS AN ELEMENT OF THE QUALITY OF POSTAL SERVICES� Original scientific
paper
Marija Ljubani , Mladenka Blagojevi

FORECASTING THE NUMBER OF POSTAL SERVICES IN THE REGION OF SOUTH EAST EUROPE�
Original scientific paper
Vitomir Matovi , Mom ilo Dobrodolac

COGNITIVE RADIO APPLICATION IN VEHICULAR AD HOC NETWORKS (VANETS) � Review
scientific paper
Suzana Miladi , Goran Markovi , Mirjana Stojanovi , Valentina Radoji i

SECURITY OF THE COMPUTER DATA AND INFORMATION IN THE ELECTRONIC TRAFFIC
Professional paper
Svetlana Nikoloska, Jovche Angjeleski

A MODEL OF COMPETITION AMONG TELECOMMUNICATION SERVICE PROVIDERS BASED ON
REPEATED GAME � Professional paper
Vesna Radonji ogatovi , Valentina Radoji i



38 
 

UDC 711.4]:303.6:640.1(44)�1976/1998� 

LONGITUDINAL DATA FOR MODELING URBAN 
MOBILITY ON LONG TERM1  

 
Zoran Krakutovski1, Zlatko Zafirovski, Ivona Nedevska 

University Ss. Cyril and Methodius, Faculty of Civil Engineering, Department 
of Roads and Railways 

Bul. Partizanski odredi, 24. P.B. 560 
1000 Skopje, Republic of Macedonia 

krakutovski@gf.ukim.edu.mk 
 

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 

                                                 
1 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 CERTU2� 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]. 

 
 

                                                 
2CERTU � Centre d�études sur les réseaux, les transports, l�urbanisme et les 
constructions publiques 
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Table 1. Samples size of the three surveys 

Type of  questionnaire 
Size of survey 

1976 1987 1998 
Households   9 804   3 465   3 744 

Individuals (age>5years) 27 005   8 345   8 454 
Internal trips 76 383 29 967 33 907 

Total trips 79 948 31 969 35 804 
Source: EMD 1976, 1987 &1998 inLille 
 

Table 2. Longitudinal data created according tothe three surveys 
Year of birth 

(cohort) 
Survey 1976 Survey 1987 Survey 1998 

Age Size Age Size Age Size 
Before 1895 82 &+ 444     
1895-1905 71-81 1 807 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 3 842 49-59 1 039 60-70 793 
1939-1949 27-37 4 032 38-48 1 111 49-59 958 
1950-1960 16-26 5 403 27-37 1 520 38-48 1 418 
1961-1971 05-15 5 389 16-26 1 661 27-37 1 350 
1972-1982   05-15 1 504 16-26 1 835 
1983-1993     05-15 1 424 

Source:EMD 1976, 1987 &1998 inLille 
 

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 budget3(TTB) and traveldistance budget4(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 

Variable 
Year of survey 

1976 1987 1998 
Number of 

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

Travel time budget 
(min./individual/day) 

44,5   49,5   55,1 

Travel distance budget 
(km/individual/day) 

5,6 7,4 8,8 

Source: EMD 1976, 1987 & 1998 in Lille 

                                                 
3 TTB is a sum of time for all trips which one person made during an ordinar day.  
4TDB 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). 

 
 

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. 
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Fig.3.Principle for specification of �age-cohort� model 
 
The mathematical expression of the �age-cohort�model is as follows: 

Ma,k = a(ko)Aa + kCk + a,k  (2) 
where: 
- Ma,k is a measure of mobility observed at age �a�, for individuals of 

cohort �k�, 
- a(ko) is a measure of mobility at age �a� for individual of the reference 

cohort �ko�, 
- kis a difference in the trajectory of each cohort �k� relative to the curve 

for the reference cohort �ko� ( ko=0 for the reference cohort �ko�), 
- A and C are dummy variables for �age� and �cohort� 
- a,k is 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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