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1 ABSTRACT

It is argued that improvements in the supply ofiggort infrastructure networks affect accessihilighich in
turn influences the distribution of land uses,\atiis linked to them and eventually the travel &abur of
individuals. Identifying the extent and rate of sba in travel behaviour as a response to changpanal
and socio-demographic characteristics, requireg-term empirical investigation of their interretati The
assessment of long-term trends can provide guieelior the type, extent and location of future stireents
in transport and land use development. This papploees trends in access to transport infrastrectur
(proximity to the railway stations), land use (lboa of inhabitants), socio-demographic charactiessof
the travellers and travel behaviour (distance ttegidy car, train and active modes and total nuralbérips
per day) over three decades. It uses data fromhDM&tional Travel Surveys at seven time pointsivd-f
year intervals from 1980 to 2010 in the Randsthd,Netherlands. The results indicate that whiletdial
number of trips per day has remained stable owee,ttotal kilometres travelled has risen until thil-
1990s after which it has witnessed a decreasehétumore, the findings suggest that train is insiregy
used for travelling longer distances and the locabf home municipality and proximity to train stais
(within a distance of 500 to 1250 m) are closelgteal to the total train kilometres travelled.

2 BACKGROUND

Empirical evidence on the long-term relationshipMgen access to transport infrastructure, land sseo-
demographic characteristics and travel behaviomegded to assess the impact of previous invessnient
transport infrastructure and applied land use pdicSuch evidence can also provide guidelinethiotype,
extent and location of future investments. Howewsudies which quantify the development of such
relationships over time are very scarce (Ellded,20This paper aims to shed light on the trendarnd use
and socio-demographic characteristics linked teefraehaviour over time and across various regafribe
Randstad (the population and economic core of tadétlands situated in the west of the countrye Th
main research question is: How have access to pmansnfrastructure, land use, individual socio-
demographic characteristics and travel behaviooived in relation to each other in the Dutch Raadst
from 1980 to 20107

3 METHODOLOGY

A long-term geo-referenced database was construbtittging together various sources. Spatial, socio
demographic and travel behaviour data were madsigtent for seven time points of five-year intesval
1980, 1985, 1990, 1995, 2000, 2005 and 2010. Thegasmnit of analysis is the municipal bordersyefr
2004 and previous and consequent spatial and tbabelviour data were converted to these bounddiiness.
development of spatial, sociodemographic and traeélviour data was analysed by descriptive staist
separately and in relation to each other.

3.1 Travel behaviour variables

Travel behaviour variables were extracted from Blutch National Travel Survey (NTS) which provides
reliable travel diary data since 1979 on an anbaals. The sample was limited to the Randstad k&pee

1). In some cases previous and proceeding resptmndene added to the respondents of a given yegr (e
1984 and 1986 were added to 1985) in order to &serdhe sample size at that time point and make it
comparable with the sample size at other time poifihe respondents were further filtered by thge a
(those younger than 20 years of age were excluelgarding their constrained mobility) and whetheryth
had reported at least one trip during the survey @ae final eligible number of respondents werg521
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for 1980, 15.328 for 1985, 16.777 for 1990, 35.7%@81995, 32.747 for 2000, 36.749 for 2005 and 64.3
for year 2010.

The investigated travel behaviour indicators wetaltkilometres travelled per survey day by i)rrai) car
(passenger/driver), iii) active modes (walking aydling), and by all the above combined. In additithe
total number of trips by the above modes per suday was investigated. For multi-modal trips, the
transport mode which was used for the longest fahetrip was determined as the main mode. Trip$ a
kilometres travelled by modes other than the al{fewg motorcycles, tram, bus, metro) are excludenhf
this analysis.

3.2 Socio-demographic variables

The chosen socio-demographic variables were thmnekents' age, gender, level of education, inconte a
household car ownership.

3.3 Land use and access to transport infrastructure vaables

The living municipality of respondents was categedi according to the Randstad’s “daily urban systea
concept first introduced by Van der Laan (1998pg(fe 1). Though the Randstad and its borders have
evolved, its daily urban systems have been relgtisgble over time. The three categories of dailyan
systems are “urban centres” (Amsterdam, HaarleenHague, Rotterdam, Dordrecht, Utrecht, Amersfoort
and Hilversum), “suburbs” (medium sized cities e wicinity of the urban centres) and “other”, undihg

the Green Heart (a preserved and mainly rural aréf@de center of the Randstad) and municipaliitesi®d

in the outer Randstad ring. Furthermore, the desgtdrom rail was measured as Euclidian distanom fitee
municipality’s mean centre (regarding the dispersib built-up area across the municipality) to thesest

rail station.
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Fig. 1: Classification of “urban centres” (red), bsubs” (orange) and “other” (yellow) in the Randsteaded on daily urban systems
(Van der Laan, 1998)

4 TRENDS IN LAND USE, SOCIO-DEMOGRAPHIC AND TRAVEL BE HAVIOUR
DEVELOPMENT IN THE RANDSTAD

4.1 Trends in travel behaviour

Figures 2a-d summarise long-term trends in respust®tal kilometres travelled (tkt) by all andpseate
transport modes (average and median) and total @uaflirips per survey day from 1980 to 2010.

« Figure 2a shows that the average total kilometenselied by car is significantly higher than train
and active modes. Total kilometres travelled almmostors total car kilometres travelled (as car
kilometres travelled make up for the most of téiddmetres travelled). The tkt has increased from
1980, reaching a peak at 1995, and has been degea®r since. However there are two caveats,
first, the mean (average) can be greatly influerfmgdautliers (a limited number of people which
travel very long distances by car) and secondirgzs are extremely dominant in the sample (at each
time point only around 4 % of total trips in thergde were made by train).
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If we look at the trips taken with each transpoad& (thus when that mode was chosen), we see that
the median of train kilometres travelled is sigrafitly higher than the car kilometres travelled
(Figure 2b). Moreover, this median has risen bykildmetres over the study period contrary to the
median of total car kilometres travelled. This nmedhat train is increasingly being used for
travelling longer distances.

Over the years, the median total number of tripsdag has stayed mostly the same, i.e. three trips
per day (Figure 2c). However, the share of twaostppr day has risen at the expense of four or more
trips per day since 1995 (Figure 2d). All in alk wan conclude that while people have changed their
total amount of kilometres travelled over time th@ave remained stable in their frequency of trips
per day.
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Fig. 2a-d: Trends in mean/median total kilometraselled by all and separate modes and mean/méat@mumber of trips per day
in the Randstad 1980-2010

4.2 Trends in travel behaviour in relation to socio-denographic and land use variables

Figures 3a-h compare the relationship between aauwi socio-demographic and land use variables and
total kilometres travelled by car versus train.

« As expected, total kilometres travelled (by all aseparate modes) generally decrease as age
increases. However, people in their 30s followedthgse in their 40s have the highest car
kilometres travelled while people in their 20s Igaled by pensioners till 1995) have the highest
train kilometres travelled.

« Men travel longer distances by car compared to wo(feégure 3c). Interestingly, this difference
reduces significantly when it comes to total tldlometres travelled (Figure 3d).

« As figures 3e-f demonstrate, location is linkedhe amount of kilometres travelled. As respondents’
home municipality moves from the central urban sd@ suburban and other (outer ring and the
Greet Heart) municipalities, the total amount @véliled kilometres by car rises, while the total
kilometres travelled by train decreases. The difiee between central and other municipalities is
more significant especially in the case of totdbikietres travelled by train. This is likely because
municipalities belonging to urban cores benefitrfra better access to railway infrastructure supplie
and services.

« Figures 3g-h demonstrate the relationship betwhendtstance to the closest railway station and
total car and train kilometres travelled. The thodds of 500, 1250, 2500 and 3750 m radii were
chosen based on the distance travelled at fivetedénntervals with the speeds of 3 and 15 km/hr for
walking and cycling respectively. Total train kiletmes travelled is highest within the “500 — 1250
m” distance buffer from the train station, After5I2m a distance decay trend is observable.
Contrary to expectation, living in the “0 — 500 médius is not related with the highest train
kilometres travelled. The proximity to rail statiand total car kilometres travelled seem unrelated
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Fig. 3a-h: Trends in total car and train kilometmaselled by age, gender, location in the Randatatidistance from train station in
the Randstad 1980-2010

5 CONCLUSION

A summary of relationships between a selection aficcdemographic factors, land use and different
indicators of travel behaviour are presented inldadb While the majority of these relationships éav
remained stable over the study period, there ager of exceptions, some of which were discusséue

previous section.
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modes

Age

*

Gender (from male to female)

+

Education + + + *
Income + + + -
Household car ownership + - + -
Location (from centres to outer rings) + — + —

Notes:— = negatively related; + = positively related; +/—*= overall positively/negatively related, however there are exceptions
regarding some sub-categories; *= varying relatigms

Table 1: Summary of relationships between socioatgaphic factors, location and travel behaviouidatbrs

The findings of this explorative study corroboratér research in the field: where people live -ethis
related with the 5 D’s of Density, Diversity, DesjgDestination accessibility, Distance to trandg—
significantly related to their mode choice and kiktres travelled (Ewing and Cervero 2010).

This study also provides some evidence for the thgsis that a paradigm shift could be emerging wher
total passenger kilometres in motorised modes I@ased its acceleration in industrialised countries
(Millard-ball and Schipper 2011).

Moreover, the results indicate that train is insiegly being used for travelling longer distanc@bus
further investment in transport policies to faeilé long-haul commuter trains, especially the fsgked
railway, could benefit from and reinforce this tiemnterestingly, median total kilometres travel(ser day
in the Randstad has remained under 30 kilometkes) at its highest point in 1995. In other wordalf lof
the inhabitants of the Randstad have been tragefimm more than 30 kilometres a day over the pady th
years. This makes alternative transport modes reithtively limited range such as electric cars ailes
suitable for the Dutch context and especially thaddtad.

Living within 500-1250 m distance of a train statis shown to be related with highest amount dhtra
kilometres travelled. Further detailed investigatioto the thresholds within which train statioroximity
could affect the travel behaviour of inhabitantsrexjuired. The findings can have implications for
designating the stations’ impact area in Transie@ed Development plans.

Finally, future research should incorporate mutis& analysis to measure the specific share abwsr
factors in explaining travel behaviour, and thaterof changes in the long-run (e.g. Susilo andtN7).
Various land use and transport accessibility indisaneed to be tested to see which is more saitabl
capture the change in transport network and lamd development over time. A promising approach to
measure the long-term share of spatial and sociwdeaphic factors in travel behaviour is the use of
pseudo panel analysis (Tsai et al. 2014). This gimgrmethod applies panel analysis to repeatedscros
section data (such as NTS) and manages to berwfitdisaggregated data while dealing with the Bnoit
repeated cross section data.
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