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Abstract

Light commercial vehicle (LCV) is one of the mosyndmically developing vehicle categories, but,
unfortunately, there is a general lack of data @V&. Perhaps this is the reason behind the traditioaffic
modelling practice that LCVs are treated as autdl@sland included in the passenger car Origin Dattn
(OD) matrix, which may lead to false outcomes. Ve b sample LCV OD database with 2800 records which
describes some specific travel patterns, but thvere no data on the production and attraction @s#ttlements.

In the development of the heavy good vehicles (H@jrix, significant methodological innovations wenade

to build it exclusively on big data. The databaeatained vehicle tracking data of approximately 46fthe
heavy good vehicles on the roads of Hungary. Tkea ias, however, to find a quantifiable link betwéee
traffic of HGVs and LCVs. On the basis of this cention, LCV productions and attractions of thelsgetents
were estimated and with the help of the sample LQIY database a good quality national LCV matrix was
created.
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1. Introduction

Traffic modeling is an essential tool for planningnsport networks. One of the key elements ofitraiodeling

is the Origin Destination (OD) matrix. In order forecast the impacts of planned traffic development
accurately, there is a need to periodically updageOD matrices. After a long period of time ortwihajor
changes in the economic and territorial structitrdés justified to rebuild the OD matrices. Updatirand
rebuilding matrices gives a chance to try out nesthods

In Hungary, after 2008, the national interurbandr@D matrix was updated and partly rebuilt in 20B6th
road and public transport OD matrices were maden éliough the two types of matrices were not comec
During the project, we refined the applied methodglin many aspects and in some cases we put théma
building on a completely new basis. One of the ingu refinements involved the Traffic Analysis 2&sn
(TAZ). In 2016 there were 1722 TAZs in the modehieh is considerably more than in 2008 when 955 §AZ
were used. The densification improved the religbiif the matrix and will facilitate the modelingovk for the
smaller areas. The number of TAZs has increasethfee reasons: First, each larger city was aaifiglZ in
2008, and now we split them into several TAZs. $dtpn we defined a large number of non-settlemsaftit
analysis zones, such as big factories and indugiaiks, shopping malls, and logistics centersdisphd AZS).
Finally, some of the 2008 TAZs, which contained ensettlements in 2008, were split into several nT&&s
according to the involved settlements.

Two major methodological innovations were made riyithe work, both of which are related to commércia
vehicle matrices. One of the novelties is that ritrix of Heavy Good Vehicle (HGV) is based on i
tracking data. Vehicle tracking systems provideoiinfation on deliveries to freight forwarders. Thesn
important information is to know exactly where trehicle is, but the most systems can monitor tleedpthe
distance travelled, the amount of fuel in the fizglk and the open/closed state of the vehicle datehicle
tracking systems are widespread worldwide, andialised companies follow large fleets. The use darge
amount of data generated in the vehicle trackingas yet fully formed and not wide-ranging in trpost
engineering. At the same time, the use of vehiaeking data in transport engineering offers mahyiaus
advantages. On the one hand, the most importaminéalye is that sampling can be large and repraéaentn
this case, we have had about 2.5 billion GPS dfe®®,000 HGVs, which is two-month travel data 0bab46%

of the HGVs on the roads of Hungary. It is a gamhtantage that the origins and destinations ofrthe within
the TAZs can be accurately located, and the daanat limited to Hungary, but also the externaltesuof
HGVs are included in the database. Fortunatelijungary, the toll-charging system for HGVs is adbssed on
vehicle tracking data, so the Hungarian routeshefforeign HGVs in transit were also known. On ttleer
hand, we faced numerous problems due to the nigtfiuimed methodology. This involved a cumbersome
processing due to the size of the database, adiféeyent structure of the data received, and nydiinht vehicle
tracking companies only collected data that werpoirtant to them, for example, vehicle category degse
generally not included and the individual carriagese generally not isolated.

Creating a matrix based on vehicle tracking dataigrinciple, a simple task, but one has to déti a number
of so far unknown problems. The presentation ofdifficulties is not in the scope of this paper.tBuwe vehicle
tracking-based creation of the HGV matrix had aiicant role in the other major methodological awation.
This novelty is the main topic of the paper, nantaly building of a separate Light Commercial Vehi@LCV)
matrix. It is an old and justified demand to createeparate LCV matrix, but so far, no attemptbeen made,
which is likely to have two closely related causBEse first problem, which regularly occurs in tliterature, is
that there is simply no sufficient data on the LCAtegory. The other one is that because of ladkatd it is
difficult to create a working methodology.

Fortunately, we got a relatively wide-range datfiection during the building of the road vehicle tnzes in
2008, which was mainly aimed to collect data abibet traveling habits of the HGVs. As a by-produet,
significant LCV travel sample was also created sTdata was the base for the decision to make aatefdzCV
matrix. However, we soon had to realize that theeabe of data is a real limitation. Although we Wrihe
typical origin and destination points of the LCu®&rh the sample, we did not know how many LCVs are
produced and attracted in each of the settlememishaw many interurban carriages an LCV would maike
day. Ultimately, therefore, our main problem was tletermination of the attraction and productioh©Y's.
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In the paper | firstly support the need to builpamte LCV matrices and then | present the maufirigs of the
literature, display the pitfalls of the methodologpd finally demonstrate the most important stepshe
successful methodology.

2. Why isit necessary to build a separate LCV matrix?

In traffic modeling, LCVs are conventionally tredtas automobiles and included in the passenge©O&ar
matrix, which may lead to false outcomes, mainlyha forecast. It is one of the most dynamicallyaleping
vehicle categories, so making separate LCV matiiges justified professional need. The primary tiore of
LCVs is freight transport, so in many ways they aleser to HGVs (for example, average travel distan
cargoing in travel chains), but also because af siee, agility, toll obligation and their not nganal role in
private use, they are very close to passenger €ars.to the importance and the specialty of theickeh
category, within a few years, it will not be podsillo carry out modeling projects without a separaCV
matrix. The other cause for building a separate LifiAtrix is the continuous changing of the cargokaarThe
cargo market is constantly adapting and transfogmccording to trends, the number of HGVs is sipwl
decreasing and the number of LCVs is growing rgpadithe same time. The modal shift in the trantsgion
modes is best described by the change in the nuafdeZVs and HGVs. However, time series data werly o
found in Great Britain, which is shown in Figure 1.
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Fig. 1 The change in the number of LCVs and HGV&iieat Britain from 1950 to 2015 (Source: ClarkaleR014)

The chart clearly shows that the number of LCVgriswing rapidly, as the number of HGVs is stagnamt
slowly decreasing. In Britain, in 2015, there wér& times as many LCVs as HGVs. This ratio is abkbgt
times in Hungary today. According to our estimatithere are currently 360,000 LCVs in Hungary. Ehisrno
reason to doubt that development in Hungary willsbmilar to that in Great Britain, which means whée
observed growth rate between 2000-2015 is fore0a030, the number of LCVs will exceed 500 000jalvh
represents an increase of more than 40% compartmtiay. This fact does not allow treating LCVs anadls
together at the forecast of the matrices, as dase conventionally. The need to create an LCV imasr
underlined by the fact that the greatest LCV tcaié mostly on the most loaded road sections. Tdwifecant
growth forecast in the traffic of LCVs will also m®ncentrated on these road sections, so in masgscéhe
traffic of LCVs may be a very important componeftmssing the capacity limit. Another importanpast is
that the mileage of LCVs multiplies more quicklaththe mileage of passenger cars. That meansthgtowth
in the number of LCVs is multiplied by the numbdrkdometers travelled by LCVs. Our traffic courgshow
that currently LCVs are around 19-20% in road tcafand a significant growth can be expected irs thi
proportion.
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3. Literature

Based on a summary study by Browne and Allen (200%) most important finding in the literature et
general lack of information on LCVs. According taoB/ine et al. (2007), a small number of studies are
investigating the activity of LCVs and LCV tripseagenerally not taken into account in freight datfiection
and modeling either. In Britain, from 1987 LCV atlly surveys were carried out. Later, the last doeoted
data collection was from 2003 to 2005 (Van actiiaseline survey). During the data collection dedanalysis

of the collected data by Clark et al. (2014), speeimphasis was put on revealing differences betwhe
company and private use of the LCVs. Accordinght® tesults, 32% of the travels for company-owne/$C
and 39% for private LCVs are for work-related pigg®. For company-owned LCVs, the aim of 34% ottips
and 19% of private ones is goods collection/distitn. The average length of travel is bigger ansbrige
company-owned LCVs than the private LCVs. The dis¢aof the private trips is typically smaller tHausiness
trips for both types of ownership. According to theveys, the peak hours of the LCV traffic arenssn 7-9
and 16-18 o’'clock. At that time, 30% of company-@dnand 20-25% of private LCVs were in use. 70% of
deliveries are done before 14:00 and 5% are donght. Examining the vehicle mileage of companiigkes,

the construction industry has the highest shareoléghle and retail trade, repair, tourism, induatng mining,
still have a significant proportion, all of whichearesponsible for 2/3 of all vehicle kilometens.drivate use,
the construction sector is even more prominent, distb other services appear relatively signific&mpty
freighters accounted for 14% amongst the compaiycles and 28% of private vehicles. In spite of lduge
number of data and detailed analyses in the lilegabnly a few data were useful at the matrixding.

4. Used and unused data

Modeling work and matrix estimation usually starithwdata collection. Depending on how the data are
collected, the matrix can be either based direotitytravel data, or can be formulated on the sarbple
multiplication, or travel patterns can be createnirf the sample first and then the matrix will besdzhon these
travel patterns. In our case, there was no po#gibil extensive survey because no fully formed hoeblogy or
sufficient resources were available. In generativegmatrix, the general lack of data did not meamwmplete
lack of information; we were able to access marffedint data sources. At the same time, some dsgaba
considered to be important did not fulfil our hop@g planned the direct use of vehicle trackingudeliowever,
the pay-as-you-go toll service provider only caedata of vehicles above the permissible grosghweif 3.5
tons as only they pay tolls for use this way. Vihicacking companies do not collect vehicle catggtata at
all, so this did not directly assist in the builgiof an LCV matrix. We planned to carry out an de-survey, but
there were no data on the owners of LCVs and wendichave enough resources to find them. Finally algo
intend to use the data of the wide-range househdey, which was conducted during the work. Howgire
the end, only 52 people (0,6%) told that last dagythad an LCV transport, so the sample was todl.sma
Typically, even the number of LCVs in the settlemsewas not directly accessible; even our estimatdmsed
on two different databases.

We were fortunate to have a 2,800-record LCV Olbdase. In 2008, during the National OD Survey, rd@o
interview was conducted in 12 Hungarian cities. $akected settlements represented the Hungaridensents
on the basis of their population, economic develepimand geographical location. The filtered databas
contained 2,737 LCV OD data. The proportion ofdrgbroad was 0.18%, these were not taken into atdou
further studies. The database (LCV OD databaset)dad the starting and arriving settlements ofdheent
travel. According to the database, 17.6% of the Lp's remain within the subregion, another 32.7% w
remain within the county, but will be in anothebsegion, and 49.8% of the trips will cross the dgurorder.
Travels leaving the county are usually directedh® neighbouring county, with the exception of grip and
from Budapest and the travels between small segtiersmall settlement and small settlement—smaddsaty,
as they can go practically to any county of thentgu Based on the database, it was possible tatifgethe
chosen destinations for LCVs.

However, no data were available for producing aticheting the transport analysis zones or settlésdn
terms of producing and attracting, it is importemtmention a special characteristic of the LCVscolihtomes
from the special function of the vehicle categofis characteristic defines the methodology andchisg
differs from the operation of passenger cars. Taacteristic is that the LCVs cargo by going frone address
to another, turning up at dozens of locations eday. Most of these trips are local travel, butr¢hare also a
large number of interurban trips. Most of the LCAM® therefore traveling in travel chains, i.e.he tase of
interurban trips, traveling from one settlementtie second, then to the third, etc. Trips betwedgins and
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destinations broken by loadings have been congideselemental travel. The conventional there-aakin trip
at the passenger car matrices is less typical hackthis affects the matrix as well.

As it was mentioned, data about 46% of HGVs usipgyas-you-go toll system in Hungary during twortis
was available for us. During this work, we carr@d a wide-ranging traffic count that was used tasure the
LCV production and attraction of settlements anecsgd TAZs. In the traffic counts, LCV and HGV tiiafwere
counted in 31 settlements and 11 special TAZs.dNatitraffic counts data for 2015 were also avadabhe
use of individual data and the most important stepsreating the LCV matrix are shown in Figure 2.
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Fig. 2 The main steps of building the LCV matrix(®source)
5. Determining the LCV production and attraction of settlements

Based on the vehicle tracking data of HGVs, the H@Wduction and attraction of the settlements cdadd
estimated. The first methodological innovation what we were looking for a connection between the
production and attraction of the HGVs and LCVsha settlements and special TAZs. The descriptiothisf
connection and the determination of the correspandiultiplication factors were made possible by tiadfic
counts carried out during the project. In ordercédculate the production and attraction of thelesetnts,
settlement types were identified based on the ilmcaif the settlements (geographical regions),rtbéficial
complex developmental classification and the pdmra During the counts, all the outbound and intmbu
routes of the LCV and HGV in selected settlements$ special TAZs were counted. The multiplicatiootéas
between the traffic of the HGVs and LCVs were dataed by dividing the total number of the countedving
and departing LCVs with the total number of arrgyiand departing HGVs. The multiplication factorcals
included through traffic, which is not part of thexduction and attraction, this problem was treddéet.

The average of the multiplication factors in thetveyed settlements was 5.9, and the decisius pathe
multipliers were from 3.07 to 8.24. The very higab¢ve 8) multiplier occurred at the economically
underdeveloped settlements, where the lack of inglsads to a lack of HGV traffic. High values §»-were
found mainly in the settlements of the Budapestiaygration and in developed settlements. In thigegcthe
low value of the denominator is likely to be dueattot of restricted areas for HGVs and the lackrafsport-
intensive industry, and the high value of the nwatmris explained by the advanced industry andiceswvhich
evolve LCV traffic. Very low values (below 3.1) veemeasured in settlements where there is a lotaobit
HGV traffic, so the value of the denominator isheg
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Out of the 31 settlements surveyed, 15 outcomesg Wwetween 3.1 and 5. In these settlements therenwas
significant transit traffic, so we assumed thatiaéural proportion of LCV and HGV traffic will adsbe within
this range of values. Taking into account the aly#anations, the overall value of the multiplicatfactor for
settlements was finally 4.00. The multiplier of endeveloped villages was 4.67, and in the caseewéldped
villages it was 3.84. At shopping malls 10.40, Eagtories and industrial parks 1.55, and finallyiagistics
centers 1.20 became the multiplier value. With nindtiplier factors we converted the HGV productiand
attraction of settlements to the LCV production atilaction of settlements, thus calculating then ©if rows
and columns of the LCV matrix for settlements apdcsal TAZs. However, to build a matrix, it was assary
to know how many LCVs from each settlement cart sthen they start their first trip.

6. Number of LCVsgtarting daily on the settlementsand the number of daily interurban tripsby LCVs

The values of these two parameters were estimatede step, without any available data. Anotheapater
was taken into account for the estimate, namelyptbgortion of LCVs doing interurban trips in eadty. The
values of the parameter system that determinesdtiaation are shown in Table 1.

Table 1. The parameter system and its values #tatrdine the number of interurban trips

small settlementsin ~ small and cities Budapest
settlements the medium
agglomerations sized cities

Non-moving LCVs 5% 5% 5% 5% 5%
LCVs with only local trips 5% 5% 10% 40% 60%
LCVs with two daily interurban ~ 75% 75% 70% 40% 20%
trips
LCVs with three daily interurban 15% 15% 15% 15% 15%
trips

Two-trips-daily LCVs were the most prominent catggand their proportion decreased with the sizehef
settlement. Here we included LCVs for private uke,traffic for shopping malls and a significanttpat traffic
for industrial parks and settlements. Three-tripBydLCV category meant to represent the role ofvisn
transport. The actual day-to-day LCV traffic fromdividual settlements was determined based on llogea
parameter values. So the sum of rows and columttzedf CV matrix (production and attraction), as veal the
number of LCVs starting each day on interurbarsti@s available. The next step was to determinentiteix
cell values, i.e. the travel destinations for LCWssides the above baseline values.

7. Thetravel destinationsfor LCVs

We made a program based on the 2800-record LCV @Bbdse that was based on the LCV production of the
settlements creating the trips. As input data,thmber of LCVs starting from settlements was usedi the
result was an LCV matrix. The trips in the matriere well reflected in the travel patterns of théabase;
however, the individual destinations were randosglected from the appropriate settlements. Therprodnas
made it possible to create separate sub-matriceghéo different LCV categories in terms of theirilga
interurban trips. It was an important and usefupagpunity to create quasi travel chains through ¢heel
program. This is how we have created the tripshefthree-trips-daily LCVs. Most of the trips of L&\have
been taken into account in a classic way, as cere tiind one back way.

8. Theprocessand theresults of the traffic modeling

The matrix created at the settlement level wasstcamed to the TAZ level, from that point onwarde tvork
continued with the TAZs. In addition to the LCV ffia between the settlements, there are other LCV
movements, such as cross-border trips or thedraffspecial TAZs, which were created manuallythin traffic
modelling we followed the steps of the classicalgess, such as assignment, calibration, and vialiddtor the
validation, the trip distance distribution (Fig) 8btained from the LCV OD database was very ingurtDue
to the cordon character of the data collection,résilts did not include local travel, but they diot need to
create an interurban matrix. For the sake of comspay the average trip distance of passenger card &Vs,
jointly and HGVs with a maximum permissible weiglitover 12 tonnes was obtained from the 2008 negric



Andras Szele / TRA2018, Vienna, Austria, April 962018

60%

50% -

40% +—

30% +—

N

Q

>
|
|

Proportion of thetrips

10% 73\

O% I LI B S S B B E e

0 100 200 300 400 500 600
km

Cars and LCVs jointly
—HGVs with a maximum permissible weight of more thant
—|_CVs based on the 2008 data collection

Fig. 3 Trip distance distribution of the cars ar@Ms jointly, HGVs with a maximum permissible weigiftmore than 12t and LCVs based
on the 2008 data collection (Own source)

The figure clearly shows that the trip distancéritigtion of LCVs is very similar to the HGVs with maximum
permissible weight of over 12 tons: there are faarstrips, relatively many long trips of up to seal hundred
kilometers and travels between 20-150 km cardinalihe average trip length of LCVs was 93 km.

To finish the matrices, we conducted calibratiord asalidation for seven times. According to the fesu
approximately 360,000 LCVs take about 296,000 umtgan trips on an average working day in Hungahe T
total mileage was 20,745,000 km. During the catibres, the average trip distance increased steaeihing a
value of 70.1 km in the final matrix, which is sificantly higher than the 45.8 km of passenger ,chrg
significantly lower than the aimed 93 km, the résiilthe data collection in 2008. During the caditions and
necessary repairs, we did an attempt to signifigantrease the average trip distance of the matriseach the
2008 data, simultaneously with the approximationthef trip distance distribution in Figure 3. Theioawide
traffic counts LCV traffic data were used for valtibn. Figure 4 shows the trip distance distributaf the
calibrated LCV matrix comparing with the resulttbé LCV OD database 2008.
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The production and attraction calculated for setéats dropped considerably from 588,000 to 296d@ing

calibration. Behind the general decline, there dight increase (in Budapest, in internationavétaand in the
special TAZs), a small number of matches (mainlgettlements around Budapest) and a generallyfisigni

decrease. The productions and attractions of meitieents (i.e. the row and column sum of the ixjafell to

three-fourths part of the original, while the protion and attraction of Budapest grew by 44%. Beime
significant drop in my view, there were two maiasens.

The first reason is that in the absence of a widge database, the road traffic data of the natdmnvaffic
counts were used for calibration. This caused bl as the results of the nationwide traffic cowmd the
road traffic data of the traffic counts performeg Us in 123 cross sections between 4 and 20 hdwreesd
significant differences. The data from nationwidaffic counts were generally significantly smallagreed in
some places and in some places exceeded the refols own counts. On average, traffic data inamtide
traffic counts accounted for 78.2% of our own caufithe difference is perhaps explained by the tfzat the
LCV vehicle category is generally quite difficutt distinguish in traffic counts. Automated courdti&ins can
not distinguish a significant part of LCVs from sathus calculating the proportion of LCVs by modelnts. It
is a fact that on the basis of the results of #wonwide traffic counts, the upper limit of thaffic of LCVs on
the Hungarian motorway and highway network is tegult of the current calibrated matrix, which isledst
20% lower in LCV traffic over the entire networkrapared to the traffic in reality.

The other, probably more important reason is théhaumlogy used and it can also be seen as a snitiait the
same time. During matrix building, we generatedrsally urban-level production and attraction wesubut we
did not pay enough attention to the proper dir@stiof production and attraction, so the LCV traffiom the
agglomerations towards the cities was significantigerestimated. The methodology mainly focusedbag-
distance traffic due to the typically large averdgp distance. Such trips mainly loaded the motrvand
highway network and are displayed on the road tigkhe motorway and highway network with the setdats.
The calibration cross sections were mainly highiéghon the motorway and highway network, so cafibna
was mainly related to long distance traffic andoading to the results of nationwide traffic countsis much
smaller than we assumed. Generally, there wereafibration cross-sections for the suburban LCVfizako
this traffic remained small. In large part, thisuttb have led to a significant reduction in the proitibn and
attraction of the settlements.

In my opinion, both the methodology of the matrixlding and the results of the nationwide traff@muats are
basically appropriate. The created matrix during talibration process corresponded to the resiltthe
nationwide traffic counts, so the results are létdo reach the nationwide goals. However, to regygropriate
results for smaller regions, further efforts neethé¢ made.

9. Conclusion

Findings indicate that production and attractiorthef two vehicle categories (LCV, HGV) are closedjated
and vehicle tracking data of HGVs can be used timage the production and attraction of LCVs. Ois thasis,

trip distribution of LCVs, as well as the productiand attraction of the settlements can be analysed
Conclusions are expected to be highly transferadmethis is one of the first studies on the esiimnabf a
separate LCV OD matrix.

The results show that it is possible to create @N Imatrix without a wide-range database, but beeanst, in

the methodology there are many estimates that toeled clarified. According to the experience obthiork, for

example, the proportion of the three-trips-dailyMsCshould be considered. It would be good to gstite
closer to the real trip distance distribution andrage trip distance. It would be important to iiweothe special
TAZs and foreign TAZs into the three-trip traveladis and to think about creating four-trip travehins as
well.

In the next modeling projects, it is useful to ddes that the measurements of nationwide traffiente show a
significant 20% reduction in traffic compared to attis actually happening. The reasons for this khbe
considered deeply. However, the most important ldpweent requirement is to find the right balance of
suburban and long-distance traffic in productiom attraction, because we believe that the productiod
attraction values defined by the methodology asidadly correct.
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Due to the weight and rapid development of the Lé&¥icle category, within a few years time, it wilbt be
possible to carry out meaningful traffic modelingriw without the use of a separate LCV matrix. Wk @b not
know much about the LCVs — data collection, ancedasn these, a basic database would be neededope h
we have contributed to encouraging further effaith our methodological experiment.
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