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Abstract

Introduction The European Union (EU) has developed different strategies to internalize
the costs of excessive motor traffic in the road freight transport sectoof@meses a
relaxation of restrictions on the size and load capacity of trilnatscirculate between
member Stateand aproposalhas been mader Longer and Heavier Vehicles (LHVS)

to be allowed to circulate across borders. LHVs arethe ad | ed fimegatr ucks
trucks with a length of 25 meters and a weight of 60 toniegatruckshave allowed

to circulate for decadem someEuropean countries such as Norway, Finjazad
Sweden,world leaders in traffic accident preventioalthough he impact that cross
border traffic would have on road safety is still unknoiethods This article provides

an econometric analysis of the potential impact on road safety of allowingdhkation

of Aimegatruckso t Resolishe dinditgs gshdwethatEcbuntries that
currently allow megatrucks to circulate present lowaiffic accident andatality levels,

on averageConclusions The circulation of this type of vehicle is only advisable in
countries where there is a certain degremafurity and demonstrated achievements in
the field of road safety.

Practical applications European countries that have allowed megatruck circulation
obtainingbetter road safetyutcomesn terms of accidest although the accident lethality
rateseemgo be higherConsequently, introducing megatruck circulatiequiresa prior
proper preparation arekamination.

Keywords: road accidents, road fatalitigsgight transportlonger and heavier vehicles,
megdrucks Europe, panel data



1.INTRODUCTION

Road traffic iscurrentlythe mainmodeof transporused inthe European Union (EU)
to addressncreasingreight demandsThe Europeail©ommission (EC) expesthat by
2030 the volume of road freight transportation could rispé8entoverthe 2005 level
(Korzhenevych et al. 2014However, the external costs associated with motorized
transportation modes (accidents, congestion, naise pollution) that are generally
attributable to heavieduty vehicles(Alises & Vassallo, 2015Piecyk & McKinnon
2010)haveled theEC to take decisive actidio createa more efficient and safer transport
logistics chain withlessimpact on the environmenThe purposeof this paperis to
evaluate one of these strategiesnger and Heavier Vehicles (LHV,S2ndthe related
road safety issues.

The inclusionin EU policiesof concepts such as muitiodality and intemodality
reflecsthe depth of the challengefacingthe road transport sector (Teutsch, 20TBgse
policies aim to improve the individual modes of transporto make better use of
infrastructure,and to combine the different modego multi-modal chaingo createa
sustainable transport systémgain a competitive advantage (Liotta et al., 20&#)in
a framework of liberalization, degulation and competition (see.g., Koliousis et al.,
2013). These issues arappaent in Transport Policynatterssuch as thézurovignette
Directive 2006/38/EC (se&IcKinnon, 20®); Short Sea Shipping (SSS) (Douet &
Cappuccilli, 20119 which has attracted a gredeal ofattention as a substitution mode
for freight transposdtion(SuarezAleman et al., 2014) and, specifically, thiotorways
of the Sea (MoS)designed tareducelong-distanceinter-Stateland transportreight
operationg(Baindur & Viegas, 2011 The freight rail systenalso appea to offer an
alternativeto road freight transport thatould reduce congestion, increase energy
efficiency, and generate less pollution.

These expectations have not been fully.metording toGolinska & Hadjul (2012),
the evidence showithat transportation policies haweriouslimitations and drawbacks
which suggest that there has still not been the widespread freight modal shift that was
being soughtThe EU has therefore,consideed another alternativeéo road freight
transport basewn the relaxation othe current restrictionsmposedby Directive
1996/53/EC (see http://eurlex.europa.eu/legal
content/EN/TXT/?uri=celex:31996L00%3This wouldclearthe wayfor theunrestriced
circulation oflonger heaviervehicles (LHVs) known asfimegatrucko, gigaliners or
eurocombiqup to 25 meters in length and &hnes in weight).Larger freight ehicles
have been circulating irsomeScandinavian countriesith underdeveloped rail systems
(e.g.,Norway, Swedef) and Finlanjisince the miell 990s Interestingy, these countries

1 This Directive allovsthe circulation oHeavy Goods Vehick(HGV) with a maximum permitted length

of 16.50 medrs for articulated vehicles (semis) and 18.75 msefer road trains with a total combined
weight of 40 tonnes butogsnot permitcrossborder LHV traffic.

2 Sweden has pionest the use ofonger and Heavier Vehicleombinatiors and currently allowshe
circulation ofheavier and longer road freight vehicles (maximum gross weight of 64 tonnes and length of
25.25 meters) than most European countfiigs introdiction of secalled High Capacity Vehicles (HCVs)
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are also leaders in road safetySubsequently, megatruck circulation has also been
authorizedin some otheEU states suchas Spain(Ortega et al., 2004 Severalother
countries have alscarried outtrials to testthe effects of megatruck on infrastructure
capacityand fuel consumptionthe implicatiors for the environment and energy, and
consequenthanges in transportation co¢¢sg, see Meers et al. 2018r Belgiumand
SancheRodrigues et al., 201%r Germany. The results ofalmostall these pilot
schemes have been positive #meglEC has thereforeproposed the legalization ofoss
bordermegatruclkcirculation

In June 2012 ,he EC announcethe crossbordercirculationof megatruck between
two member states that approved tlusewithin their borderdutstrong oppositiofrom
the European Parliament and some member stategually lel to he initial Directive
being amended by Directive EU2015/719 ¢ee http://eurlex.europa.eu/legal
content/EN/TXT/?uri=uriserv%3A0J.L .2015.115.01.0001.01.ENGis amendment
which hasstill not been fullyenacedin all EU countriesincluded a derogation from the
maximumweights andengths laid down in the original Directiveo improve the safety
and environmental emissions of hedwgight vehicles and also recommaeattthat no
changs should be made testrictions on the crodsorder movement of megatrudiasd
downin Directive 1996/53/EC.

As the crossbordercirculationLHV is currently a controversial issue in the EU (see
e.g.,0deck & Engebretsen, 2014), this papses multivariate modets carry out an
econometri@xploration otthe impact ofnegatruckcirculation on road safetyutcomes
Novel panel datare usedor European countries (EU member&aropean Free Trade
Association(EFTA) members)pverthe 19962014 period i.e., the period betweeneh
two EU Directivesthat regulate the circulation tiis type ofvehicle. We ainto cover
the gapm theliteratureontheimpactof megatruclcirculationontraffic safetyas to date,
therehas beenno precedenthat uses a rigorous econometric approach to addhéss
topic globaly for theentire Europearstudycase

We estimate a multivariate regression model that cafoohll explanatory variables
that previous studiesonsider relevarfor identifying the determinants of roatcidents
and fatalities.The use of country fixed effects allows us to controltiore-invariant
unobserved factors and the inclusion of a time trend allows us to cfamttoiobserved
shocks common tall countriesFinally, we apply the logic of differences in differences
to enable tha&entification ofchangesn safety performance due to megatruck circulation
in thetreated countries (countries where megatruzkse beempermitied to circulate at
some pointduring the consilered periodomparedo the control countries (countries
where the circulation of megatruckas not beeallowed).

has also recently been tested on certain segments of public Tbade are vehicles with a gross weight of
74 tonnes and a length of 34 meters (see Palsson & Sternberg, 2018)wiiC\dgross weighof 76
tonnes anda length of 25.25 meters have beeirculatingon the road network in Finland since 2013
(Liimatainen & Nykanen, 2017).


http://eur-lex.europa.eu/legal-content/EN/TXT/?uri=uriserv%3AOJ.L_.2015.115.01.0001.01.ENG
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Our main novel contribution tohe literature isan empirical exploration of the
implications ofLHV circulationfor safety performanceéNe consider abroadsample
formed notof onespecificcountry butof Europearcountries(EU and others) thatave
allowedmegatruckcirculation Countries wherenegatruck do not circulatareusedas
a control groupOur researclprovidesevidenceof the potential consequendes safety
of LHV fleet circulationin different Statesand theseanbe taken into consideation by
policymakersdesigrng measures$o mitigate negative safety effectBhis investigation
alsofollows suggestiongn earlier stuéessuch as Sanchdzodrigues et al. (2013s to
the needo assesshe impact oLLHVs for more thara single country case.

Previousanalyses bthe effects of increasing the ruisum weightandsizeof freight
vehiclesin Europeconduded by our research groump this line of researchuggest that
the largest truckare not necessarily responsible farhigher mortality rate ifEurope
(CastilloManzano et al., 2015; CastdManzano et al., 2016)We now focus on
responding to théollowing research questionalthoughpart oftheliteratureshowsthat
megatruck might bemore efficient from the economic, logisticaind environmental
points of view(Bergqvist & Behmends, 2011; Guzman et al., 20McKinnon, 2008;
Ortega et al., 2014%an it also be stated thatiropean highways are safeiplacesvhere
these types of vehicles are allowed to circulate ffedlse countries where LHV or
megatruckcirculationis permitted safewhentheimpactis evaluatedn terms of global
road safety (i.einvolving all types of usersand vehiclecrashes) Would it be advisable
to allowmegatruckto circulatethroughouttEurgpe?

In short,ouraimis that via somepractical managerial implicationsur findingsmight
shedsomdightonther oad f r ei ght $keptacismapmundhe introdudtiors t r vy 6 s
of LHVs due toalack of soundinformation and knowledge.

This paperis organized as followsfter this IntroductionSection Zetsout the state
of-the-art on LHVimpacts Section 3escribeshe empiricabnalysisand methodology
Sectiors 4 and 5 present ardiscuss theesults Section6 offersthe conclusions of the
study, followed by some relvant practical applications of the warkSection 7

2. LITERATURE REVIEW

Earlier researdrsagreethat differences in truck weight and configuration affect road
safety (CastilleManzano et al., 2016; Corst al., 20122014 Evgenikos et al., 20}6
Specifically,muchrecent literature haaddressethe effects oL.HVs across Europand
evaluateccertainS t a expasignce®f implementingmegatruck or conducing trials;
however,these havemostly beenpublished agjovernment or institutical reports(see
e.g, ETSC, 2011; ITF, 201Xnight et al., 2008; TML, 2008), witbnly asmallnumber
of academic papers (Knight et al., 2010). Additionally, most scientific works analyze
the changein truck dimensions and weighgostDirective 1996/53/ECwhich raised
thesefrom 18.75 to 25.25 miers andi0 to 60tonnes, respectivelyThe majorityof these
reports havdocused onScandinaviarand Northern and Central European countries
(Palsson et al., 2@, includingSweden (Vierth et al., 201,8heUnited Kingdom (Leach
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et al., 2013; Liimatainen et al., 2018; McKinnon, 2005; Palmer et al., 2B0b8)vay
(Odeck & Engebretsen, 2014#)inland (Lajuna, 2014 Liimatainenet al., 2020Palander

et al., 2018)Belgium (Meers et al., 20)8he NetherlandéQuak, 2012)andGermany
(Burg et al., 2019Sanche-Rodrigueset al., 2015handeven specific corridors between
countriessuchas Sweden and Germany (Vie&hKarlsson, 2014). Other papers have
also investigated thmaostrecentcase Spain (Guzman & Vassallo, 2014; Guzman et al.,
2016; Ortega et al., 2014).

Consideringall the evidencethe evaluations of. HV introduction can bgroupedby
their objectives. Several studies focus othe effects o infrastructure, highlighting
increases in thecost of road maintenance and conservaticaused bymegatruck
circulation, especiallyhe strengtheningf bridgesandthe replacemenof fatiguedroad
pavements (Christidis & Leduc, 2009B€en et al., 2008; UIC, 2014).

Ancther group of contributions explad¢heimpactof LHVs on themodal splitin
logistics and providegvidence that the free movementnaégatruck in the EU would
result in higher productivity and, therefore, the opportuioityoad haulers toffer better
prices (Christidis & Leduc, 2009; ITF, 2010; Ortega et al., 2014; Steer et al., 2013). Some
studies determine that increasing truck dimensionscapacity would lead transport
operators to consolidate and optimize loads with a consedalem the numbersof
vehicles required (Nykanen & Liimatainen, 2014) due tthe improved efficiency
reducing the number of trips per freigbtine(McKinnon, 2005) Thiswould translate
into lower transport (McKinnon, 2012; Woodrooffe et al., 2010) and travel time costs
(PérezMartinez & Vassallo, 2013; Proost et al., 200)ese changes ntigachieve a
modal shift from rail andhcreasedemand (Eom et al., 2012; Knight et al., 2008; Nealer
et al.,, 2012)and more unfavorable consequences could also be generated for other
collectives For example His measure might triggéne progressive tnasfer of a share of
freight transport from rail to roadvhich would benefit LHVs (Meers et .al2018;
Rijkswaterstaat, 2010).HE maritime transport sectoright not be affectedhowever
(Ortega et al, 2014). The introduction of the use of these vehicles might also have harmful
effects for small haulage operators as the number of routes would be redddbisa
could dfect region&level employmen{Guzman et al., 2016Drtega et al.014) state
thatmegatruck would reduce costs pemnekilometer transportedlhiswould have a
knockon effectwith a costreduction forthe consumerthus giving a boost to the
economy.According to Vierth et al. (2018pll these arguments afeconclusiveas
results can vary depending on courgpecific conditions and price elasticitigsther
analystspredict a much more moderate modal split (Salet et al., 2010) that may even
suggest a complementary relationship between LHVs and rail ftedgisport (Berggvist
& Behrends, 2011).

A third group of studies analyzéhe impact ol.HVs from an energy efficiency and
environmental perspectiEsed on energy consumption and greenhouse gas emissions.
Several authors argue that the introductiommefatruck (with lowerfreight transport
operating costs) woulead togreatergrowth in road freightraffic thanrail traffic, with



a consequent increase pollution (McKinnon, 2005; Palander, 201 Dther schars

such as Palsson et al. (20&8dVierth et al. (2008) point to savings in fuel consumption
and reductiosin air pollutants petonne-kilometertransported compared to HGdse

to the reduction inthe number of journeys (Leach et al.,, 201Besearchersuchas
SancheRodrigues et al. (2015) emphasize the key role of the effective payload to
explain this environmental effect.

Finally, very little academic literature can be found that considers the effects of
Europeammegatruck onroad safetywhich is theobjectof this article Safetyshould be
considereda key concern. According to Grislis (2010), researchers hawnerally
adopted twoapproaches to the study of LHV safefyhe first concers vehicle safety
assessmerind is focusednelements o¥ehicleengineering, operational characteristics
and design requiremen{®ebauche& Decock, 2007; Hanley & ForkenbracR005;
Knight et al., 2008).

The £cond approach consideleimpactof LHVs on safety performance indicators
(e.g., accidents, fatalities), although no study has been able to conclusively determine the
real effect of their introduction (Grislis, 201@ome of the trial-basd researche.g,
Backman & Nordstrom, 2002; Knight et al., 2008; Rijkswaterstaat, 2@d@ludes that
megatruckcirculation should lead to a decrease in traffiwhich would improve road
safety (fewer accidents), especially if the stability and maneuveratiliiye vehicles
were improved through the installation of certain technological advancesiggssted
by Christidis & Leduc, 2009 and Klingender et al., 2009appropriatedriver training
(SanchezRodrigues et al., 2015Pther analyses state thatcidentseverity is expected
to be higher when vehicles of this type are involved (Glaeser et al., 2006; Glaeser &
Ritzinger, 2012; Viertlet al, 2008), especiallynisome specifi@nvironments such as
tunnels and bridges (McKinnon, 2008; Ortega et al., 201énaertain roadsuchas
two-lane highways (Hanley & Forkenbrock, 2008therauthorssuchas Debauche &
Decock (2007) did ndind anyevidence ot HV circulationimpacing safety

Following Grisli$(2010) literaturegeview, this lack of uniformityin safety findings
for LHVs could be explained e differert methodologies used asthtistical datasets
that vary fromcounty to country. h other cases, may not be possible tofind any
empirical proof due to a lack bspecific dataon traffic accidentsinvolving LHVs.
Compared to twotherstudies that analyze LHVs and road safety (see Gr2€li] for
a literature review an#llingender et al., 20Q9or a detailedsafety method), our paper
provides a novel quantitative evaluation based on an econometric andhssigresent
researchtherefore pursuesa line of researchsuggestedy SanchezRodrigues et al.
(2015) a comparative studgf a wide set of B and norREU European countries to
generalize findings.



3. EMPIRICAL FRAMEWORK AND METHOD

Theempirical regressionsedto estimate the impact afegatruclkcirculationon road
safetytakes the following form for countiyduring period:

Yi= UXi+ @+ W+ € Tisne_trengd+ i U (1)

In this equation, we consider two differatgpendent variables gYin two different
regressionghetotal number of fatalitieatalities within 30 days of the accident, as per
the Vienna Convention definitipmndthetotal number of accidenfaccidents involving
personal injuryaccording to available statistical sows,cgee Table 1)Note that both of
the endogenous safety variables arkatexl to crashes involving any road usgpe to
enablean assessment tife effecs of megatruckcirculationonall traffic safety, not only
crashesnvolving trucks

The model (1) also contains a veckafort he countryds economic a
attributes;a vectorZ;: thatrefers to themegatruckvariable, and W, which represersg
road safety policy el at e d iwara counirbfixed sffects ghat control for omitted
time-invariant countryspecific variablesTime trends anannual time trend that contsol
for unobserved shocks commonéib countries such aghe evolution ofoil prices for
examplea n dis &mearzero random error.

We considerdata for the27 currentEuropean Uniormembercountries(and also
United Kingdom)and threeEFTA countries(Iceland, Norwayand Switzerland)More
specifically, westudy European countries thatlowed megatruckcirculation or carried
out trials during our timeframeompaed toa control group formedf the remaining
countries which did not So the megatruck variable takes a value of one for the
following countries in our sample (year megatruck circulation came into force in
parentheses): Denmark (2008), Finland (1996), Germany (2010), Netherlands (2007),
Norway (2008), Portugal (2014), Sweden (1996).

Given that thesecond Directivéwhich strengthene the first Directive) has still not
been fully executed in all EU countrjese chose the496-2014period for thestudy as
it is the timeperiodbetween théwo EU Directivesthat regulatdruck sizeand weight
limits (i.e., Directive EU/1996/53 and Directive EU/2015/719

The unit of observation is the courygar pairOurpanel datare unbalance@s data
for some variables are not availabde some countriefor all years.Tables 1 and 2 give
the descriptions, information sources, descriptive statistie$ number of observations
available for all of the variables used in the analysis.



TABLE 1. Variables used in the empirical analysis

Variables Description Source Type of data
. Number of traffic fatalities CARE (EU road accident Dependent
Fatalifes database) .
variable
. . Number of trafficinjury accidents CARE (EU road accident Dependent
Injury accidents database) .
variable
Population Number ofinhabitantgin millions) EUROSTAT Country attribute
Motorization Number of reg|ster(_ad pa;senger cars UNECE, EURQSTAT (for Country attributel
thousand inhabitants population)
Per capitaGrossDomestic lPoduct in
GDP per capita| Internationdly Comparable Prices (USY EUROSTAT Country attribute

at 2005 prices and PPP)

SupgrhlgM/ay Numberof kms ofsupgrhlglway over UNECE, EUROSTAT Country attribute
density countryarea in knd

Age Median age of populatiofin years) EUROSTAT Country attribute
Popqlaﬂon Number of |nhapltantevercountryarea EUROSTAT Country attribute
density in kn?

Passengers_km
_railways

Number ofrail passengers per kof
track(in billions)

Eurostat, International Transpor
Forum, UNECE, Union
Internationale des Chemins de H

Country attribute

Passengers_km
_roads

Number of passeng@arskm expressed
in 1,000 million km

European Commission
(Directorate General for
Mobility and Transport)

Country attribute

Heating
degree_index

Index based on the number of cold da
per year.

Eurostat

Country attribute

BAC

Maximum blood alcohol concentration
rate allowed while driving in g/l

European Commission Road
Safety Website

Roadsafety
policy

Point_system

Dummy variable that takes a value of 1
a pointbased driving license system is
force; O otherwise

European Transport Safety
Council (ETSC)

Road safety
policy

Maximum speed limit allowed on

European Commission Road

Speed limit superhighways (in km/hr) Safety Website Road .safety
policy
. Directorate general for internal Main
Dummy variable that takes a value of o )
. . . policies: a review bmegatrucks explanatory
Megatrucks when intraborder megatruck circulation . o .
. . . (2013) and national legislatien variable
is permitted; O otherwise
TABLE 2. Descriptive statistics of variables used in empirical analysis
. Standard Minimum Maximum Number of
Variables Mean L .
Deviation value value observations
Fataliies 1473.18 1942.12 4 8920 589
Injury accidents 43.52 76.17 0.58 395.69 585




Population density 16.31 21.47 0.12 81.81 589
Motorization 422.37 115.91 103 667 589
GDP per capita 31092.33 13738.1 9249 87873 579
Superhiglvay density 2207.76 3488.55 0 14701 508
Age 38.59 2.62 311 45.6 584
Population density 158.72 228.35 2.7 1352.4 578
Passengers_km_railway 14.43 21.47 0.2 89.6 532
BAC 0.39 0.22 0 0.8 589
Point_system 0.57 0.49 0 1 589
Speed limit 120.06 14.11 80 130 589
Heating_degree_index | 2909.386 1185.23 345.03 6179.75 513
Passengerkm-roads 150.58 238.06 1.7 920.8 589
Megatrucls 0.11 0.31 0 1 589

Explanatory variablegsed in the analysis model w&e®P per capitaandthe square
of GDP per capitat the country levedinceanonlinear relationships expectedetween
a countrydés econ atsroad saftely vutcbnep (Bishaital., 2006
CastilloManzano et al., 2015, 2016; Kopits & Cropper, 2005; Loeb & Clarke, 2007;
Yannis etal., 2015. Countrieswhere theeconony is more developethay be affected by
greaer exposure to accidents. However, after reaching a certain weaghold richer
countries may have better infragtture vehicles, policiesand social attitudegndso
they may have better safety outcomBsesign of the coefficient of the GDP variable is
therefore expected to be positive and that of GDRegative.Note ako that the GDP
variables allowus to control for the severe economic crisis theturred duringhe
considered periodnd whichgeneragd a great deal oflebateabout howthe economic
recessiorhas influenced road safetfe.g, road usebehavior, particularly among high
risk drivers)and road traffian Europe Antoniou et al., 2016/Vegman et al., 2017)

As in previous studies (Albala& Bel, 2012; CastilleManzano et al., 2015, 2016;
Kopits & Cropper, 2005), &urther explanatory variables included in the model as a
proxy of the level of development of private transptire number of passenger cars per
capita (motorization). It isat clearwhich sign should bexpected for this variabkince,
as inthe case othe GDP variables, higher motorization rates may irgphaer exposure
to road traffic accidents butayalso bdinked to betterand safevehicles. We also take
into account the influence of tio@ality of transport infrastructure by including a variable
for superhiglwvay density.The iterature has proven a negative correlation betwieen
quality of road infrastructure and safety outconsesy negative sign is expected for the
coefficient of this variable(see for example,CastilloManzano et al., 2013]Jamroz,
2012;Wang et al., 2013Another variable included in the model is the median age of the
population. The sigthat can be expectddr this variable is not cleax priori. Younger
road users may take more risk3ofistantinou et al., 2011Langford et al., 2006put
accidents mayawe a greaterimpact onolder drivers Koppel et al., 2011Yee et al.,
2006)

The rumber of passengeksn on roads is an additional explanatory variable in our
model. This variable seeks to captuoadtraffic intensity.We could expect a positive



relationship between the amount of traffic and road fataldilese the totamount of
driving is an indication of the popul ati on:
2012). However, as Li et al. (2012) find, such a relationship could be dependent upon
congestion levels.

A variable for thec 0 u n popuabos densitys alsoconsideredWe may expect that
the proportion of urbafourneysover totaljourneyswill be higher in more densely
populated countrie§a the number of accidentsr urbanjourneys should be highéran
for inter-urbanjourneys but the severity of accidents may be lower for urjfoamneys
(Rakauskas et aR009; Zwerling et al., 2005 hereforeg the sigrthat should be expected
for the coefficient associateslith this variable is not clea priori. We also include a
variable for the amount of trafflay rail (Passengers_km_railways). Giviatthe safety
outcomes of rajjourneys are systematicallyette thanof cars and truckéubbico et al.,
2004; Demir et al., 2015~orkenbrock, 2001)we can expect the coefficientor this
variableto have a negative sign

As in ®me previous studies (Albalate, 2008; Castiltanzano et al., 2015, 20116
several variables for specific road safety policies are also considered in the eduation
variableis includedfor the maximunpermittedblood alcohol concentratiofio capture
the implementation of a potttased driving license,dummy variablas includedwith a
value of one if a penalty driving license system is appliBde introduction @ad
application of any type of point system to driving licensaslead to lowemumbes of
traffic fatalites and accidentCastilloManzano & CastrdNufio, 2012)A road traffic
policy variable for the maximum speed limiallowed on superhiglvays is also
consideredAs one of the main effects of higher speed limits may be worse road safety
performance (Elvik, 2012) (i.egreaternumbersof fatalities and accidentsa, positive
signcanbe expected for thenefficientof this variable

Regardingweather and meteorological conditiormguntrylevel rain dataare not
availablefor the long period examined in this papéte include the heating degree days
index (HDD)as a proxy of temperaturélO Omeasuresold severityduring a specific
time period and takesinto consideratiorboth outdoor and averageroom temperature.
"O0 Qalculationrelies on the basetemperaturedefinedas the lowest daily meanair
temperaturenot leadingto indoor heating.Although the basetemperaturedependson
severalfactorsassociateavith the building andthe surroundingenvironmentthe index
adoptsageneraklimatologicalapproachandsesthevalueat 15°C.With Y asthemean
air temperaturef day measured iiC), the'O'O ‘@f a certain year is given by
000 pY Y EI'O pu

Tt A0 pu
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where'@enotes the number of days in the considered feaexamplejf thedaily mean
air temperatures 12°C,the valueof the 6 ‘'O @hdexfor thatdayis 6 (i.e., 18°G-12°C).
However if thedaily meanair temperaturés 16°C,thed 'O @dexfor thatdayis O.

Onelimitation of thisvariableis thatit is only availablefor Europearinioncountries
which implies excludng relevantcase in our contextsuchas Norway andthe United
Kingdom.So, we alsoreportresultsof regressionsmitting the HDD variable.

Themainvariableof interestin our analysis is a dummy variable that take@alueof
one for countries where the usenségatruckis permitied as we have explained above

We apply the logic of differences in differences (DiByhich is a common
methodologyused in thetreatment evaluation frameworko( details,see Angrist&
Pischke 2009; Gertlet et al, 2016). The identification strategy in a DiD analysis relies on
collectingseveral years afata for two groups of observatiomse group affected by the
treatment/paty at some pointluring the considered period and a control group not
affected by the policy in any year of the considered period. In our comtextave a
panel dataset that includes countries whaggatruclcirculation is nopermitted(control
counties) and countries where megatrublese beenallowed to circulate at some point
in the considered period or earlier (treated countries). Hehed)iD variable in our
analysis is a dummy variable that takes a value of one for countries where the use of
megatruckshas beenauthorized since the year in which the policy was implemented.
Thereforeif we control for alltherelevant explanatory factors, wan identify changes
in safety performance due to megatruck circulation in treated countries eoitgtre
safety performancef the control countries. Examples of recent studies that evaluate
policies in the transportation sector in the DiD framewodkude Aguirre et al(2019),
Bernardo and Fageda (2017), Conti et al. (204&0jie et al. (2012), Jiménez et al.
(2018), Oum et al. (2019\Volff (2014).

According togpreviousstudiegsee Section,diterature review)we are uncertainomut
the sign thathis variableshould takeThescarcditerature that analyzes tisafety impact
of megatruckcirculationfor isolated cases in specific countriesludes bothscholars
who argue an improvement inad safetydue to thereductian in the number of traffic
accidentgesulting fromfewerjourneys madée.g.,Knight et al.,2008; Rijkswaterstaat,
2010 and studies that emphasize the greater severity of road accidiemtsothe
v e h i sizeamdlack ® maneuverability, especially retain infrastructure(Ortega et
al., 2014 Vierth et al., 2008

4. RESULTS

Table 3 shows theorrelation matrix of the variables used in the empirical analysis.
Multicollinearity can exaggerate estimates of the varigp@emeterand distort its
statistical significance or even result in parameter estimates of implausible magnitude in
the most extreme casdsaking this into account, there are four variables déinathighly
correlated (Passengédtm-roads,Motorization, Superhighway densitifassenger&km-
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railways). The high correlation between the heating_degrees_index variable and the
megatrucks variablenust also beconsideed To examine the influence of the high
correlation between these variables, we report the reswsiotisregressions. First, we

include allthevariables. Second, we exclude the heating_degrees_wad@ble which
alsohasthe limitationof only beingavailable forEuropean Uniorcountries. Then,we

exclude the Passengerkm-roads variable. Further regressions also excltiue
Motorization andPassengerkm-railways variables, respectively.

TABLE 3. Correlation matrix of the variables used in theempirical analysis

1) 2 3 @ [ (6 | (| [ [(10 |11 [(dA2) | (@13) | (14)
Fatalities (1) 1
Accidents (2) 075 |1
Megatrucks (3) -0.16 | -0.01 |1
Heating_degree_| -0.36 | -0.28 | 0.56 |1
index (4)
Passengers km_| 0.80 [ 0.80 |0.01 |-0.30 |1
roads (5)
Motorisation (6) | 0.13 | 0.36 | 0.20 | -0.04 |0.40]|1
Passengers_ km_| 0.80 | 0.82 | 0.02 |-0.26 |0.97|033|1
railways (7)
GDP per capita | -0.05 | 0.14 | 0.22 |-0.02 | 0.17|0.74|0.16| 1
(8)
Superhighway 0.70 | 0.78 | 0.02 |-0.37 |0.89|0.38|0.86|0.20| 1
density (9)
Age (10) -0.02 1 0.29 |0.27 |-0.01 |0.27]/0.47]10.24]0.16]/0.27| 1
Population 0.19 | 0.34 |-0.12 | -0.37 | 0.27]| 0.23| 0.27| 0.34| 0.24| 0.06 |1
density (11)
BAC (12) 0.12 | 025 |0.06 |-0.13]|0.29/0.54[0.23{041]/0.33/0.19 [0.18 |1
Point_system (13) 0.13 | 0.18 | 0.05 |-0.05 | 0.26|0.32| 0.25|0.17|/0.22] 043 |-0.01 |0.17 |1
Speed limit (#) 0.27 |1 0.21 |-0.18 |-0.40 | 0.23]/0.11]0.26/0.12] 0.16] -0.02 | 0.34 |-0.10 |0.24|1

Heteroscedasticitgnd temporal autocorrelatigmnoblemamnay be present in the error
term.Running the Wooldridge test for autocorrelatiorour panel datahows that there
may beanautocorrelationssueandthe BreuscHPagan/CooRNeisberg test indicates that

we haveaheteroscedasticitgsue We, thereforerun the regressions with standard errors

robust to heteroscedasticity asyecifying anAR (1) within-group correlation structure

for the panels to address the autocorrelaigssne The variables used in the empai

analysisalso have to be tested for norrdatribuion. We apply the DoornH#dansen test
for multivariate normalitywhichshows that our variables are not normally distributed.

The estimation is made using the populatimeraged panalata modelith a negative
binomial distribution. Count modelsare commony used in the analyss of the
determinants of road traffic fatalities (Albalate et al., 2013; Hauer, 1995; Johansson,

1996; Karlaftis & Tarko, 1998; Quddu2008). As is usual in road safety studies, we

estimate a negative binomial model that is a standard count model. The advantage of
negative binomial distribution is that it explicitly models the dependent variable as the

number of occurrences andti#ikesinto account the nomormality distribution ofthe

variables. Note that the country population variable is included as an exposure yariable
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so its coefficient is restricted to one. This enalie to interpret the results in terms of
rates per capita.

The sample considered in this study has been structured asdatamels we have
information available foB1 countries and several years. The two main panel data models
are random effects and fixed effects. The fhedlects model is usually the preferred
model because it controls for omitted variables that are correlated with the variables of
interest and & timeinvariant For examplethe effect of time-invariantvariablessuch
aslatitude arealreadycapturedby the countryfixed effects.Country fixed effectsmay
alsocapturethefact thatweatherconditionsaresystematicallyworsefor somecountries
thanothes. In contrast, e randorreffects model may cause a bias in the estimation as
the variables of interest may be correlated withrist othe explanatory variableS.he
fixed-effects model identifies changes from one period to another, so it is the most
appropriate method for the evaluation of the megatrucks policy. As it is based on the
("within") transformation of the variables aleviations from their average, the fixed
effects model allows us to compare changes in road safety outcomes in countries where
megatrucks are permitted with countries where they areNwuiée that we report the
results of a F-test that confirms that theountry fixed effectsvariable isstatistically
significant whichrules outthe use of a pooled model.

Tables 4 and 5reporsthe results ofhedifferent regressiondescribedabove. Table 4
consides traffic fatalities asthe endogenous variablehile that table 5 considetsaffic
injury accidens astheendogenous variable
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TABLE 4. Results of estimates (populatioraveraged paneldata model with
negativebinomial distribution)

Independent variables

Dependent variable:fatalities

Regression (1)

Regression (2)

Regression (3)

Regression (4)

Regression §)

Megatrucks 0.19 0.15 0.15 0.15 0.12
(0.Q7)x** (0.06)*** (0.06)*** (0.06)*** (0.06)**
. . -0.000008 - - -
Heating_degree_index (0.00@5) -
Passengers_km_roads ~0.0005 0.001 ) ) )
- - (0.001) (0.002)
Motorisation -0.0006 -0.0004 -0.0005 - -
(0.0003)* (0.0003) (0.0004)
Passengers_km_railwayj 0.03 0.02 0.03 0.02 )
- = (0.007)*** (0.01)** (0.01)* (0.01)*
GDP per capita 0.00004 0.00005 0.00005 0.00005 0.00005
(0.00001)*** (0.000021)*** (0.00001)*** (0.00001)*** (0.00001)***
GDP per capita -2.65e10 -3.31el0 -3.29¢e10 -3.00e10 -2.1e10
(1.01e10)*** (1.12e10)*** | (1.11e10)** | (1.09e10)*** 7.85e11)***
Superhighway density -0.0006 -0.0006 -0.0007 -0.0007 -0.00008
(0.00002)* (0.00003)* (0.00004)* (0.00004)* (0.00006)
Age 0.0006 0.0008 0.0003 -0.001 0.009
(0.03) (0.03) (0.03) (0.03) (0.03)
Population density -0.001 0.003 0.004 0.005 -0.0011
(0.005) (0.005) (0.005) (0.005) (0.003)
BAC 8.62 5.84 4.03 4.03 1.51
(4.56)** (5.22) (1.43)*** (1.44)*** (0.45)***
Point_system 0.01 0.00005 0.003 -0.0001 0.08
- (0.04) (0.04) (0.04) (0.04) (0.06)
Speed limit -0.08 0.07 0.08 0.08 0.04
(0.06) (0.04)* (0.04)* (0.04)* (0.03)
Time trend -0.06 -0.06 -0.06 -0.07 -0.07
- (0.009)*** (0.009)*** (0.009)*** (0.009)*** (0.01)***
Intercept 145.88 120.92 119.71 122.94 151.05
(16.82)*** (18.87)*** (19.69)*** (20.84)*** (20.60)***
Test joint® s 1081.64** 367.13** 975.62%** 257.80*** 269.98***
Test F (Ho: Country fixeq 88.63*** 96.90*** 105.37*** 108.13*** 93.27***
effects =0)
BreuschPagan/Cook 235.88*** 299.01*** 267.51%** 292.83*** 298.76**
Weisberg test fol
heterogeneity
(Ho: Constant variance)
Wooldridge test for
autocorrelation 416.22*%* 375.91%* 348.07*** 348.56*** 309.73***
(Ho: No firstorder
autocorrelation)
Doornik-Hansen test fo| 40632.90** 40184.35** 39321.406** 39017.668** 40007.85**
multivariate normality
No. of observations 413 464 464 464 494

Note: Standard errors in parentheses (robust to heteroscedasAititggressions include country fixed
effects.Regressions specify an AR (1) withgmoup correlation structure for the panels. Population is used
as an exposure xable. Statistical significance at 1% (***), 5% (**), 10% (*).
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TABLE 5. Results of estimates (populatiomveraged paneldata model with

negative binomial distribution)

) Dependent variable:accidents
Independent variables Regression (1) | Regression (2)| Regression (3)| Regression (4) | Regression §)
Megatrucks 0.03 -0.02 -0.02 -0.02 -0.07
(0.08) (0.09) (0.09) (0.09) (0.08)

. . 1.96e06 -
Heating_degree_index (0.00005) - - -
Passengers_km_roads ~0.0008 0.001 ) ) )

- - (0.002) (0.002)
Motorisation -0.0008 -0.0007 -0.0009 - -
(0.0006) (0.007) (0.0008)
Passengers_km_railways -0.04 0.03 "0.03 "0.03 )
- = (0.01)*** (0.01)* (0.02) (0.02)
GDP per capita 0.00005 0.00005 0.00006 0.00004 0.00005
(0.00002)*** (0.00002)*** (0.00002)*** (0.00002)** (0.00001)***
GDP per capita -2.73e10 -3.83e10 -3.83e10 -3.20e10 -2.90e10
(1.83e10) (1.78e10)** (1.85e10)** (1.96e10)* (1.71e10)*
Superhighway density -0.00001 -0.00005 -0.00006 -0.00009 -0.00006
(0.00003) (0.00004) (0.00005) (0.00005) (0.00008)
Age 0.07 0.07 0.07 0.07 0.08
(0.05) (0.06) (0.06) (0.06) (0.07)
Population density -0.01 -0.005 -0.003 -0.002 -0.01
(0.008)* (0.08) (0.01) (0.01) (0.006)*
BAC 8.17 8.59 5.80 5.80 2.59
(5.52) (6.44) (2.15)*** (2.16)*** (0.78)***
Point_system 0.06 0.05 0.06 0.05 0.12
- (0.06) (0.06) (0.06) (0.06) (0.08)
Speed limit -0.01 0.006 0.02 0.02 -0.05
(0.08) (0.07) (0.08) (0.08) (0.05)
Time trend -0.04 -0.04 -0.04 -0.04 -0.06
- (0.01)*** (0.01)*** (0.01)*** (0.01)*** (0.02)***
90.08 80.31 78.67 84.05 124.45
Intercept
(31.15)*** (30.34)*** (31.06)*** (32.95)*** (38.90)***
Test join® sig 99.21*** 85.42%* 93.10*** 103.24*** 81.14%*
Test F (Ho: Country fixed effect 256.13*** 234.48*** 424 .85*** 424 .35*** 338.16***
=0)
BreuschPagan/CookNeisberg 639.74*** 592.44*** 698.48*** 668.32*** 678.27***
test for heterogeneity
(Ho: Constant variance)
Wooldridge test for
autocorrelation 51.12%* 49.66*** 36.06*** 36.05*+* 36.87**
(Ho: No firstorder
autocorrelation)
Doornik-Hansen test fo| 9685.79** 9705.83** 9795.09** 10191.20** 11649.58**
multivariate normality
No. of observations 413 464 464 464 494

Note: Standard errors in parentheses (robust to heteroscedasititggressions include country fixed effecRegressions
specify an AR (1) withirgroup correlation structure for the panels. Population is used as an exposure Vataisécal
significance at 1% (***), 5% (**), 10% (*).
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Regarding the control variablese findevidence of a naetinear relationship between
road trafficfatalitiesandthec o u n tevelyobesonomic activityThis corrobora¢sthe
findings of Bishaket al. (2006} andKopits & Cropper (2005)A positive and statistically
significant coefficientis obtainedfor the GDP variablewhile GDP* is negative and
statistically significantSimilar results are found when the dependent variable is traffic
accidants although the statistical significance of G® more modest.

The motorization variable igenerally not statistically significant. sAargued by
CastilloManzano et al. (2016he sign of the effect dhemotorization variable on safety
outcomesmay varydepending orthe countryd s G D P The seiperhighwaydensity
variable is negative and statistically significantriast ofregressioafor traffic fatalities.
There is, thereforesome evidencdo supportthe hypothesis thaimore advanced
infrastructure may reduce traffic fatalitigsccording to previous studisachasCastillo-
Manzano et al., 2013; Wang et al., 2013, for examplefdasnot have a clear effect on
injury accidens.

Therail traffic variableis negative and statistically significantseveralregression
considering fatalities abedependent variabl&a, countriesn whichrail playsa greater
role in mobility may have better safety outcomedgast in terms ofower fatalities(as
was expectedin line with e.g.,Litman, 2007).More alcoholtolerant policies seem to
havegenerallynegative effects both in terms of fatalities amdry accidentswhich is
in line with previous analysesichas CastilleManzano et al. (2017Higher speed limits
maylead to higher fatalitiexorroborating previous studies such as Cadtlliémzano et
al. (2019 and Elvik (2012) The time trend is negative and statisticasignificant
irrespective of the regressiowhich suggestan improvement in road safety outcomes
even after controlling for althe observed factors thahight affect these outcomes.
Finally, we do not find any significant effeaif the population density and pohstystem
driving license variabledt may be that the variability in our sample is not high enough
to identify anyrelevant effects fothese variables.

As usualthe regative binomial usea log-link function so the coefficients can be
interpreted in terms of ed#icities. Taking this into accountye find that the coefficient
of themegatruck variable is positive and statistically significantilhregressionsvhere
the dependent variable is fatalities per capilare precisely we find animpact that
ranges betweesal2-1%% increasen traffic fatalities in countries whemmegatruck have
beenpermitied post1996 Finally, we donot find any clear change in traffienjury
accidens associtedwith theauthorizatiorof megatruck circulatioras the corresponding
variable is not statistically significant in the regressiahere the dependent variable is
road accidents.

As a robustness cheake re-do our analysisby applyingpropensityscorematching
The matching procedure pairs observations in the treated countries (where megatrucks
are allowed to circulate) with control countries (where megatrucks are not allowed to
circulate)with similar characteristics in terms of traffic density aladitude (asa proxy
of weatherconditions).Following Rosenbaum and Rubin (1983), we first estimate the
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probability of being treated, conditional on traffic density and climate, to obtain a
propensity score foeach observation. In a second stepugathe first nearest neighbor
algorithmto match the observations in the treated and control groups with respect to the
propensity score. Then, we drop all the observations without common support and re
estimate tB model using the matching sample. The matclsagpleonly includes
treated and control countrieemparablen terms of traffic density and climate.

Table 6 shows the results of the regressions that use the matching danaule.
context, one clear limitation of propensity score matching is that the number of
observations that have common support is small. In particular, the main source of
variability in the reduced matching sample is whether countries all@w oot allow the
circulation of megatrucks. This may explauy most ofthe control variables are not
statistically significant. However, propensity score matching is a sound robustness check
given that the megatrusk/ariable remains positive and statistically significant with an
estimated impact on the increase in fatalitiesirapfyjom 11% tol17%. Furthermore, we
find no evidence of a relevant impact of megatrucks on traffic accidents.

Megarucksmay nothaveled to an increase tmaffic accidens asthey need to circulate
on Abet duetoteirrspedfid technical featumsbecausthey incorporate safer
technological advancesr drivers are more appropriately trained, agyjgestd by
SancheRodrigues et al(2015) However,the presence aiegatruck increases the
severityand lethal consequencekaccidentsas is the castor all types of heavier and
largertrucks(CastilloManzano et al., 2016; Forkenbrock & Hanley, 20B&eser et al.,
2006; Glaeser & Ritzinger, 201Hanley & Forkenbrock, 2005Sq, our wide set of
European countries (EU + EFTA) corroboratesspecific findings fomegatruck found
in previous studies$or individual countries such as Spain (Ortega et 2014; Pérez
Martinez & Vassallo, 2013) artde United Kingdom (Knight et al., 2010)

Our results mightepresent European casextensiorof theaf Wahlberg (2008)S
metastudy, which concludes thags larger trucks replac@igher numbes of smaller
vehicles heavier tucksare involved ina greater number datal accidentslue to their
specificmaneuverabilityssuesespeciallyin someparticularenvironmentsuch asirban
settings.
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TABLE 6. Results of estimatesmatching sample(population-averaged paneldata

model with negative binomial distribution)

Independent variables

Dependent variable:fatalities

Dependent variable:accidents

Regression (1)

Regression (2)

Regression (3)

Regression (4)

Regression §)

Regression 6)

Megatrucks 0.11 0.13 0.17 -0.005 0.06 0.11
(0.05)** (0.05)*** (0.09)* (0.05) (0.03)* (0.08)
Motorisation -0.0007 ) ) -0.002 ) )
(0.001) (0.001)**
Passengers_km_railway 10.02 "0.02 ) 0.03 "0.03 )
- = (0.02) (0.02) (0.02)* (0.01)
. 0.00001 0.00001 0.00004 0.00002 0.00001 0.00004
GDP per capita
(0.00003) (0.00004) (0.00002)** (0.00003) (0.00004) (0.00002)
Superhighway density -0.0001 -0.0001 -0.0001 -0.0002 -0.0002 -0.0001
(0.0001) (0.0001) (0.0002) (0.0001) (0.0001) (0.0002)
Age 0.08 0.08 0.07 0.15 0.15 0.14
(0.12) (0.12) (0.12) (0.12) (0.13) (0.14)
Population density 0.01 0.01 0.004 -0.001 0.002 -0.005
(0.01) (0.01) (0.01) (0.01) (0.01) (0.009)
Point_system -0.04 -0.04 0.15 -0.26 -0.24 -0.007
- (0.13 (0.12) (0.10) (0.12)** (0.13)* (0.10)
Time trend -0.07 -0.07 -0.11 -0.02 -0.05 -0.09
- (0.04)* (0.03)** (0.02)*** (0.03) (0.03) (0.02)***
Intercept 138.53 152.58 219.06 48.43 95.34 177.15
(82.00)* (69.35)** (39.75)*** (67.10) (64.45) (47.68)***
Test joint 26.33*+* 24.,12%* 25.08%** 18.44%** 17.32%** 12.21%**
Test F (Ho: Country 91.18*** 89.90*** 59.21*** 834.80*** 926.05*** 707.34***
fixed effects =0)
BreuschPagan/Cook
Weisberg test  fol 11.76%** 8.22%** 0.19 41.69*** 35.21%** 3.79*
heterogeneity
(Ho: Constant variance)
Wooldridge test for
autocorrelation 58.01*** 56.23*** 46.66*** 8.42** 8.45** 7.09
(Ho: No firstorder
autocorrelation)
Doornik-Hansen test fol 470.76** 487.08** 529.94** 506.59** 525.54*** 617.72%**
multivariate normality
No. of observations 137 137 137 137 137 137

Note: Standard errors in parentheses (robust to heteroscedasiititggressions include country fixed effecBegressions specify an AR

(1) within-group correlation structure for the panels. Population is used as an exposure \&tagibteal sigificance at 1% (***), 5% (**),

10% (*). Propensity score matching uses passengers_km_roads in the baseline period and latitude of the capital city in each c
predictors of the probability of being treated. Treated countries are Denmark, Gerratirgy|dhds and Norway. Control countries are Estoni
France, Poland and United KingdomKote that some control variables are not consides&P per capithis omitted because testing the ron
linear relationship between traffic fatalities and income iregua sample with a large number of countries. BAC and speed variables
excluded because they do not have variability over time in the matsamgle Finally, traffic density and climate conditions are alread

captured in the matching procedure.
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5. CONCLUSIONS

The debate that hasemergedaround crossborder Longer and Heavier Vehicle
(LHVs)/megatruck circulation on European road$o redu@ excessive motorized
transporation costsis a bpic that affects a wide range of interest grolipked to the
road freightsectorand hasparledagrowing interest in the literature asiteeconomic,
environmental and logissampacts.Authoriang the circulation oimegatruck would
doubtlesslyesultin greater productivity and, consequenbgiter prices for road haarg
due to a reduction in costs pwnnekilometer transported. Howeveone serious
consequence of thimeasuras thatit mighttriggera dynamic process that would result
in a large amount of freight transpswvitchingfrom rail to road As far asinfrastructure
Is concernedeverything points to the introduction ofegatruck possiblyinfluencing
investmens in infrastructuremaintenancand conservatioas, for example, Ortega et al.
(2014) andPérezMartinez & Miranda (2016Jind for Spain SanchezRodrigues et al.
(2015) suggest for Germangnd Vierth& Haraldsson (2012analyzefor the Swedish
case.

It is noticeabldhat severakarlier studies consider the influerafenegatrucken road
safetyto be considerably lowebut the results of thie analyss are to some extent,
inconclusiveas the@ conclusionon this matteri@ not unanimousis previous scholars
state (e.g.SanchezRodrigues et al., 2015, better understanding and assessment of the
benefits and risks of LHVareneededThe present articldas therefore pioneeed the
application ofmultivariate econometric analysis ad-hoc panel datafor a sample of
EuropearUnion andEFTA countries

To closethe gaponthe potential safety consequencesefgatruck (in terms of road
safety performance indicatoyshe current research contributes the literature by
providing an originastudycasefocused not omnesingle country(as is usudy the casg
but on a set of European countrjesome of whichpermit LHV s to circulateon their
national roadchetworls, and others that do n@ur results point t&curopean countries
that have allowednegatruckcirculation obtaininghigheraccident lethality rate This
highlights the need to develop parallel set of specifictategies thatas part ofa
countryo6s r oareldesgaeftbenttigate phe likélycepsuing increase in the
mortality rate.

Finally, some issues need to be clarified regarding our research object. First, we are
assessing an item on the policymaker agenda that is still unresolved, ongoing, and
currently under examination. This could be considered both a natural limitation of our
study and, also, a future line of research as new countries introduce LHVs and new
statistical data become available. Second, our paper analyzes the impact of megatruck
circulation on road safety performance in our wide sample of European countries, i.e.,
crashes involving all road users, not just an evaluation of crashes involving megatrucks.
This is due to separatetjassified statistical data for LHV traffic accidents only being
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available for the United States, where LHV trucks are allowed by lhird,Toefore our
findings are generalized, it should be noted that a variety of trials and temporary planning
strategies were implemented in the countries where megatrucks are permitted before they
were introduced, so some caution is required when exigtiogr authorization to other
countries or regions. In this line, if at all possible, it would be interesting to extend this
analysis to evaluate other dimensions derived from the introduction of LHVs
(environmental, modal split, infrastructyutegisticscosty, with a comparison of safety
issues in European Union and ABaropean Uniorountries as in this paper.

Other recent phenomena in the European continent that could potentially affect road
freight transportation in general and megatruck cirautain particular, such as the
United Kingdomdés exit f r onEurbvigretteBirgctive,r t he

a

mi ght present future research opportunities

7. PRACTICAL APPLICATION

The positive impact of megatruck circulation might be enhanced through measures
that maximize logistics efficiency gains and minimize the consequences of fatal
accidentsAs road freight companies are likely to be interested in using longer vehicles
and, specially, bearing in mind that traffic safety depends on multiple parameters related
to vehiclesd technical <charact er (Daeuglascs, i
et al., 2019)among others, a set of mudpproach actions can be recommehideensure
that the introduction of megatrucks compensates any stakeholders who would be
negatively affected. By way of example, strategies might include warning other drivers
of the danger of being involved in an accident with a megatruck or adaptirgqoadent
emergency medical care protocols to crashes involving LHMguld also be advisable
to implementegislative measures to make truck manufacturers raise the minimum safety
technical requirements for LHVs and/or stricter training program rexpgnts for LHV
drivers.

Considering the potential generalization of LHV authorization to other States and the
possibility of LHV crossborder circulation, a better enforcement and surveillance
framework(such as, e.g., Teoh et al., 2017 have concluded)®statesshould be
applied to ensure that these vehicles comply with the maximum load, size, and speed
regulations, among others.

Megatruck circulation is a strategyat requires proper preparation and proper
examination before it is applied. In thaase, unlike other measures such as the point

n f

system driverods | icense that also originat

northern Europe, the imitation effect in other countries may be more doubtful.
Extrapolation to countries with high aceit rates and/or the lack of a high capacity road
network/superhighways, which are the ideal natural habitat for this type of LHV, is not a
simple matter.
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