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Summary

The study presents an analysis of the impact produced by the construction and modernization of road 

connections on the improvement and development of the port of Rijeka container terminal and on the 

JroZtK of Lts coPSetLtLYeQess oQ tKe QortKerQ $GrLatLc traffic roXte. 
The paper focuses on the smoothing technique implementation as a quantitative prognostic method 

for roaG traffic. &oQsLGerLQJ tKe LPSortaQce of coQtaLQer traffic ZLtKLQ tKe totaO freLJKt traffic LQ tKe 
Sort of 5LMeNa� SroJQostLcs Ls SreseQteG for Oorry traffic oQ 6tate roaG ' ± ���� ZKLcK coQQects tKe 
container terminal of Brajdica to the expressway network to the hinterland. Thereby, the potential 

sXEstratXP JraYLtatLQJ to tKe coQtaLQer terPLQaO aQG to tKe SertaLQLQJ traffic roXte Kas EeeQ eYaOXateG.  
FoOOoZLQJ GescrLStLoQ of tKe JeoJraSKLcaO� traffic�reOateG aQG OoJLstLc sLtXatLoQ of tKe Sort of 5LMeNa� 
the paper continues with technical and technological features of the container terminal of Brajdica 

aQG� LQ aGGLtLoQ� ZLtK tKe sLJQL¿caQce of 6tate roaG ' ± ��� for GeYeOoSPeQt of tKe coQtaLQer terPLQaO 
of %raMGLca aQG aQ aQaOysLs of Oorry traffic treQGs oQ 6tate roaG ' ± ���. 
:Kereas tKere are coQ¿rPeG assertLoQs tKat tKere are sLJQL¿caQt GL൵ereQces foXQG TXLte ofteQ EetZeeQ 
SroMecteG YaOXes aQG tKose oQes actXaOOy oEtaLQeG� tKe e[SecteG traffic treQG YaOXes oEtaLQeG Ey aSSOyLQJ 
the smoothing technique using the moving averages method for 2017 have been assessed as satisfactory.  

Key words: forecast for Oorry traffic� TXaQtLtatLYe SroJQostLc PetKoG� sPootKLQJ SroJQostLc tecKQLTXe

1. Introduction

TKe EasLc SrereTXLsLte for efficLeQt oSeratLoQ of aQy traffic systeP� LQcOXsLYe of roaG 
aQG Sort traffic systePs� Ls tKe traffic sXSSOy aQG GePaQG LQ KarPoQy. TKeLr GLsKarPoQy 
OeaGs to a YarLety of GLfficXOtLes. ,Q case of tKe GePaQG for traffic serYLces e[ceeGLQJ tKe 
sXSSOy� tKe resXOt Ls coQJestLoQ of traffic caSacLtLes oQ roaGs or Sort terPLQaOs ZKLcK 
coQseTXeQtOy caXses traffic MaPs� LQcreaseG e[terQaO costs� etc. 2Q tKe otKer KaQG� tKe 
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sXSSOy e[ceeGLQJ tKe GePaQG caXses XQGerXtLOL]atLoQ of traffic LQfrastrXctXre aQG sX-

SerstrXctXre aQG tKereEy tKeLr XQSro¿taELOLty.
&oQsLGerLQJ tKat traffic LQfrastrXctXre Ls LQÀe[LEOe aQG Lts coQstrXctLoQ aQG GeYeO-

oSPeQt reTXLre coQsLGeraEOe ¿QaQcLaO LQYestPeQts� LQ orGer to Ee Sro¿taEOe Lt PXst Ee 
dimensioned in compliance with the expected future demand. The meaning is that, in 

orGer to aYoLG coQseTXeQces of tKe traffic sXSSOy aQG GePaQG LQ GLsKarPoQy� tKere Ls 
tKe QeeG for tKe GePaQG for traffic serYLces to Ee forecasteG. 0aNLQJ of traffic forecasts 
or traffic GePaQG SroMectLoQs for tKe fXtXre as SrecLse as SossLEOe reSreseQts tKe PaLQ 
staJe LQ tKe traffic LQfrastrXctXre SOaQQLQJ aQG GesLJQ Srocess.

TKe traffic LQfrastrXctXre aQG sXSerstrXctXre coYeraJe aQG GeYeOoSPeQt KaYe aQ 
extremely important meaning for the development and operation of a particular port. 

TKe roaG traQsSort Ls SartLcXOarOy LPSortaQt for tKe sSeeG� Àe[LELOLty aQG efficLeQcy Lt 
provides but also for the possibility of ‘door to door’ delivery which has been reaching 

an increasingly growing trend in modern business conduct. The port of Rijeka is located 

at the very heart of the city and this fact poses a problem both for the port itself and for 

tKe cLty LQ JeQeraO. 2Q oQe KaQG tKe cLty SreYeQts fXrtKer e[teQsLoQ of Sort caSacLtLes 
due to shortage of space, while on the other, the port located at the heart of the city 

prevents further expansion and development of the city itself. 

For freLJKt traffic SroJQostLc SXrSoses tKere are PetKoGs to Ee XseG ZKLcK are 
divided in two groups: qualitative and quantitative ones. Qualitative prognostic met-

hods include:  reporting techniques, interviews, consulting teams, and Delphi method. 

Quantitative prognostic methods are the following: time sequence analysis, smoothing 

techniques, barometric methods, and econometric models. Quantitative prognostic 

methods are more precise where short-term forecasting is concerned and their imple-

mentation is more time-consuming. Quantitative methods are used to present quantita-

tive results of a study carried out or to forecast trends that will follow the present data 

in the future period. 'etaOMQLMa oEMaãQMeQMa o XSoraEL QaYeGeQLK PetoGa PoJX se QaüL 
u literaturi: [11], [14] and [15].

The study has the aim to present the implementation of quantitative methods in 

forecastLQJ freLJKt traffic treQGs oQ 6tate roaG ' ± ��� or freLJKt traffic ÀoZs froP�to tKe 
port of Rijeka container terminal. The method applied in the study was the smoothing 

technique using the moving averages method and the exponential smoothing technique.

2. Container terminal ‘Brajdica’

2ZLQJ to Lts e[ceStLoQaOOy faYoXraEOe JeoJraSKLcaO sLtXatLoQ� tKe Sort of 5LMeNa 
is connected with Zagreb via the Kupa river basin, and further on with the Pannonia 

Plain or the Danube river basin and central Europe, representing for all those regions an 

e[ceStLoQaOOy sLJQL¿caQt traGLQJ Sort. :LtK tZo SaQ�(XroSeaQ corrLGors �9. ;.� SassLQJ 
through the country, the port of Rijeka is an integral part of Europe. [13]
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Picture 1. Gravitational zone of the port of Rijeka
Source: http://logsys.hr/pictures/rijeka_distance.jpg (25.06.2017.)

Picture 1. shows the gravitational zone of the port of Rijeka that is elaborated in 

the next chapter. 

2.1. Geographical, traffic-related and logistic situation of the port of Rijeka

This situation of the port of Rijeka has enabled its location within the catchment 

area of numerous central and Eastern-European countries such as: Hungary, Slovakia, 

Slovenia, southern Poland, Austria, southern Germany, Bosnia and Herzegovina, 

6erELa� %XOJarLa� 5oPaQLa aQG PaQy otKers. TKe sLJQL¿caQce of tKe QortKerQ $GrLatLc 
traffic roXte ZLtKLQ tKe JOoEaO traGe Ls reÀecteG LQ Lts roOe of tKe sKortest aQG Post cost�
e൵ectLYe traffic roXte coQQectLQJ (XroSe ZLtK tKe 0eGLterraQeaQ� aQG fXrtKer oQ YLa 
tKe 6Xe] &aQaO ZLtK PaQy $sLaQ coXQtrLes ZKere Post of tKe SreseQt�Gay SroGXctLoQ 
Ls coQceQtrateG. $Sart froP $sLaQ coXQtrLes� tKe 6Xe] &aQaO Ls tKe OLQN to $frLcaQ 
countries and Australia. This route connects the part of the world distinguished of its 

highly developed industry to countries presently going through their developing stage. 

TKere are soPe LPSortaQt traffic coQQectLoQs rXQQLQJ froP &eQtraO�(XroSeaQ 
landlocked countries to the Adriatic Sea ports to cross within national territories of 
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&roatLa� 6OoYeQLa aQG ,taOy ZLtK otKer LPSortaQt traffic ÀoZs rXQQLQJ froP :esterQ 
aQG &eQtraO (XroSe to 6oXtK�(asterQ (XroSe aQG tKe 1ear (ast. [2]

Transport connection of the Danube and the Adriatic geographical area represents 

the connection of national areas with the Mediterranean area and its hinterland, which 

coQQects tKe coQtLQeQtaO coXQtrLes of &eQtraO (XroSe ZLtK tKe 0eGLterraQeaQ.
Table 1 presents distances between three competitive ports (Rijeka, Koper, Trieste) 

and main economic centres in their respective hinterlands.

Table 1 - Distances between the ports of Rijeka, Koper, and Trieste and important 
European economic destinations

Road (distance in km) Rijeka Koper Trieste
Budapest 509 567 556

Munich 515 506 494

Vienna 520 489 477

Belgrade 557 631 619

Bratislava 562 555 543

Prague 820 809 798

Source: the authors. 

$s for &eQtraO�(XroSeaQ GestLQatLoQs� OaQG traQsSort GLstaQces are PeasXraEOy 
sKorter tKaQ froP 1ortKerQ�(XroSeaQ Sorts� as SreseQteG LQ TaEOe �. TKe GL൵ereQce LQ 
the distance between the selected competitive ports in Northern Adriatic and European 

caSLtaOs Ls TXLte sPaOO aQG eYeQ LQsLJQL¿caQt ZKere Sort of caOO Ls to Ee seOecteG. 

2.2. Features of container terminal Brajdica

&oQtaLQer terPLQaO %raMGLca Ls OocateG LQ tKe easterQ Sart of tKe Sort of 5LMeNa� at 
tKe easterQ PoXtK of  rLYer 5MeþLQa� coYerLQJ aSSro[LPateOy ���.��� P2

 out of which 

an approximate area of 15.000 m
2 

accommodates warehousing spaces for loading 

aQG XQOoaGLQJ coQtaLQerLseG carJo �coQtaLQer freLJKt�statLoQ � &F6� aQG for coQtaLQer 
cleaning and repair purposes. The terminal quay is 514 m long, with berthing depth 

of 12 m, thus enabling accommodation of ships of up to 35.000 DWT. The terminal is 

provided with two functional berths for ships. The one most recently built is 14.5 m 

deep and provides safe mooring for larger container parent ships which makes the port 

of Rijeka not only feeder ship port but also a port capable of accommodating larger 

aQG�or SareQt sKLSs as ZeOO.
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Picture 2. Topographic map of container terminal “Brajdica” of Rijeka
Source: http://www.ictsi.hr/index.php/hr/detalji-o-terminal (03.05.2017)

Picture 2. is a topographic map of the container terminal containing all relevant 

areas aQG facLOLtLes for coPSOete KaQGOLQJ of traffic serYLces. 
The construction and modernization of the terminal were completed in mid 2013. 

With the completion of phase II, the construction of 328 m of an additional new quay 

was completed of depth of 14.5 m, an entry-exit ramps at the connection to State road 

D-404, railway station, a platform intended for preparation of containers prior to their 

OoaGLQJ oQ�XQOoaGLQJ froP ZaJoQs to eQaEOe faster aQG Pore efficLeQt coQtaLQer KaQ-

dling operations. Following the construction of an additional berthing area, the quay 

was equipped with two additional container cranes of features required for servicing of 

3ost±3aQaPa[ coQtaLQer sKLSs of caSacLty raQJLQJ froP � ��� to �� ��� T(8s. [16].

The latest ensemble comprised with the construction phase II includes a servicing 

JaraJe for OoaGLQJ�XQOoaGLQJ facLOLtLes� ZKLcK Ls aSSroSrLateOy SroYLGeG ZLtK aOO tKe 
Qecessary coQteQts� ZareKoXses� office SrePLses aQG otKer sSaces LQteQGeG for serYL-
cLQJ of OoaGLQJ�XQOoaGLQJ facLOLtLes LQ coPSOLaQce ZLtK &roatLaQ ecoOoJLcaO staQGarGs.

Apart from these berths, the container terminal also includes other spaces required 

for coPSOete serYLce sXSSOy sXcK as� coQtaLQer stoZaJe� reSaLr� stXffiQJ�XQstXffiQJ� sSace 
for accommodation of containers requiring maintenance of particular inner temperature, 

space for container forwarding to the hinterland by road, and railway tracks for wagons 

intended for container forwarding to the hinterland by rail. 

„Jadranska vrata d.d.“ (Adriatic Gate), the company established in 2001 as a su-

bsidiary of Luka Rijeka d.d. (Port of Rijeka) with a 10-year concession for commercial 

activity within the area of container terminal ‘Brajdica’. In 2011, international port 

oSerators ,&T6, �,QterQatLoQaO &oQtaLQer TerPLQaO 6erYLces� EecaPe strateJLc SartQers 
of container terminal ‘Brajdica’ through a 30-year partnership with Luka Rijeka d.d. 
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(Port of Rijeka) in the area of commercial activity, management and development. 

Today, Luka Rijeka d.d. (Port of Rijeka) owns 49% of shares in Jadranska vrata d.d. 

�$GrLatLc *ate�� coQcessLoQ oZQers of coQtaLQer terPLQaO µ%raMGLca¶� ZKLOe tKe ,&T6, 
holds 51% of shares.

3. Significance of State Road D – 404 for development of container 
terminal ‘Brajdica’

The port of Rijeka is connected to the hinterland with two expressways, i.e. the A6 

e[SressZay �5LMeNa� =aJreE� aQG tKe $� e[SressZay �5XSa ± 5LMeNa ± äXta LoNYa�. 
TKe $� e[SressZay OLQNs tKe 5eSXEOLc of &roatLa caSLtaO =aJreE aQG tKe cLty of 5LMeNa� 
ZKLcK accoPPoGates tKe PaMor QatLoQaO freLJKt Sort� to tKe roaG QetZorN of &eQtraO 
and Western Europe. Near the hub of Bosiljevo, expressway A6 provides the diverging 

SossLELOLty to e[SressZay $� �=aJreE� 6SOLt� OeaGLQJ to &eQtraO aQG 6oXtKerQ 'aOPatLa. 
([SressZay $� �5XSa ± 5LMeNa ± äXta LoNYa� Ls oQOy SartOy oSeQ for traffic� L.e. froP 
tKe EorGer crossLQJ of 5XSa to .rLåLãüe. &oQQectLoQs ZLtK tKese e[SressZays satLsfy 
tKe Sort of 5LMeNa reTXLrePeQts for sPootK traffic ÀoZ ZLtKoXt staQGstLOOs aQG GeOays 
aQG for coQtLQXaO aQG free�ÀoZLQJ EorGer crossLQJ at tKe e[Lt roXte froP &roatLa to 
neighbouring countries.

TKe GeYeOoSPeQt aQG e[teQsLoQ of tKe cLty aQG tKe Sort of 5LMeNa caXse traffic 
coQJestLoQ EotK GoZQtoZQ aQG LQ tKe sXrroXQGLQJ GLstrLcts GXe to LQcreaseG Oorry traffic 
ÀoZLQJ to or froP tKe Sort. TKe SroEOeP Kas EeeQ SartOy soOYeG ZLtK tKe coQstrXctLoQ of 
tKe 5LMeNa rLQJ�roaG stretcKLQJ froP tKe KXE of 0atXOML to tKe KXE of 2reKoYLca aOoQJ 
11.89 km as a link to expressway A7. The Rijeka ring-road with its branches leading 

in the direction of Trieste, Ljubljana, Zagreb and Split represents the trunk road con-

QectLoQ of a ZLGer LQterQatLoQaO sLJQL¿caQce as a EraQcK of tKe traQs�(XroSeaQ roaG 
connection. [5]. :LtK tKe YLeZ to reOLeYLQJ XrEaQ traffic aQG aYoLGLQJ Oorry�coQtaLQer 
traffic tKroXJK tKe cLty� 6tate roaG '���� Zas oSeQ for traffic LQ ���� tKXs SroYLGLQJ a 
link between container terminal ‘Brajdica’ and the hub of Draga at the Rijeka ring-road 

aQG�or e[SressZay $�.

3.1. Construction of State Road D - 404

In the past two decades, due to increased international trade in containerised goods 

and to the introduction and growing rate in the number of container liner services at 

tKe Sort of 5LMeNa� JroZLQJ treQG Kas EeeQ aOso a൵ectLQJ traffic GeQsLty oQ roaG coQ-

QectLoQs. *roZtK LQ tKe roaG traQsSort as a EraQcK of traQsSort eQaEOLQJ fast� efficLeQt� 
aQG Àe[LEOe traQsSort of JooGs oQ a Goor�to�Goor or froP�SroGXcer�to�coQsXPer EasLs 
has caused congestion of urban and local roads within the city of Rijeka. 

Within the road transport hub of Rijeka, major role is attached to two road connec-

tions (D-404 and D-403) which fall within the category of roads of national importance, 
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yet ZLtK a Yery sLJQL¿caQt roOe for tKe oSeratLoQ of tKe ZKoOe XrEaQ traffic systeP aQG 
for relieving city streets from freight transport and transit. [13]

Picture 3 - Cartographic display of the newly built road D-404 and the D-403 
presently in the terminal-phase of construction 

Source: http://www.portauthority.hr/docs/portauthorityHR/documents/13/1.0/
Original.pdf (05.05.2017)

3LctXre �. sKoZs sectLoQs of roaGs ' ± ��� aQG ' ± ���. 6tate roaG ' ± ��� Ls 
going to connect the new container terminal at the Zagreb Pier and its construction has 

not yet commenced. The D - 404 road route begins in the very centre of the city, i.e. 

from the Ivan Zajc Street over the districts of Delta and Brajdica where the container 

terPLQaO LtseOf Ls OocateG� aQG tKroXJK tKe receQtOy EXLOt tXQQeO 3eüLQe� to Ee coQQecteG 
aEoYe tKe GLstrLct of 0artLQãüLca to tKe roaG KXE of 'raJa aQG�or to tKe easterQ 5LMeNa 
ring-road and expressway A7. This section of the newly constructed road has provided 

direct connection between container terminal ‘Brajdica’ and the expressway. By having 

brought this project to life, the city and the port of Rijeka have enabled direct connection 

to four crucially important road connections: toward Slovenia and Italy, toward Slovenia 

and Austria, toward Hungary, and toward Serbia and other Eastern European regions. 

'Xe to coQJesteG XrEaQ traffic Eefore tKe coQstrXctLoQ of 6tate roaG ' ± ���� 
EotK tKe XrEaQ traffic LQ 5LMeNa aQG tKe e[LstLQJ LQfrastrXctXre Zere cKoNLQJ� reTXLr-
LQJ freTXeQt recoQstrXctLoQ aQG reQeZaO LQterYeQtLoQs ZKLcK XseG to caXse sLJQL¿caQt 
traffic OLPLtatLoQs aQG reGLrectLQJ ZLtKLQ tKe area. TKe ' ± ��� roaG totaO OeQJtK Ls �.�� 
km, the major portion of which or 45% consists of tunnels and 15% of viaducts and 

a ErLGJe. TKe LQYestPeQt LQ tKe coQstrXctLoQ aPoXQts to +5. ��� PLO. TKe ' ± ��� 
is a four-lane road of 3.50 m lane width and a 0.30 m marginal strip. At the above 

mentioned section between terminal ‘Brajdica’ and the road hub of Draga, there are 7 

LQfrastrXctXre facLOLtLes� a ErLGJe� ¿Ye YLaGXcts aQG tZo tXQQeOs eQaEOLQJ sKorter aQG 
faster travelling along the distance. [7].The most important and most complex portion 

of tKe roaG coQstrXctLoQ Zas tKe 3eüLQe tXQQeO ZKLcK reTXLreG oYercoPLQJ of tKe �� 
P KeLJKt GL൵ereQce aOoQJ ����� P. 
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Among the most important advantages achieved by the construction and exploi-

tatLoQ of tKe ' ± ��� roaG tKere are tKe cLty ceQtre aQG tKe sXrroXQGLQJ area reOLef froP 
freight transport in transit, reducing of pollution from harmful gas emissions, reducing 

of QoLse aQG YLEratLoQs� LQcreasLQJ safety of otKer SartLcLSaQts LQ traffic� reGXcLQJ 
commuter excess waiting time as a result of reduced congestion of city streets.

3.2. Analysis of lorry traffic trends on State road D – 404

TaEOe � sKoZs Gata coQcerQLQJ Oorry traffic treQGs oQ ' ± ���. 'Xe to tKe PLssLQJ 
traffic coXQter oQ tKe roaG� Gata coOOecteG LQ resSect of Oorry eQtry�e[Lt froP tKe terPLQaO 
LQ tKe SerLoG ���� ± ���� are tKe oQOy eTXLYaOeQt to tKe Gata oQ Oorry traffic coXQt oQ 
the D-404 road referring exclusively to container terminal. 

Table 2 - Statistics on freight traffic on D-404 
(in the number of lorries)

YEAR FREIGHT TRAFFIC ON D-404
2007 71,420

2008 87,355

2009 55,814

2010 56,073

2011 65,279

2012 49,273

2013 51,099

2014 57,891

2015 59,581

2016 64,730

Source: Prepared and adjusted by the authors according to statistics by AGCT

Graph 1 - Lorry traffic on the D-404 road in the period 2007-2016

Source: Prepared by the authors according to data from Table 3. using MS Excel
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According to the data displayed, it can be stated that there were no major cyclic 

traffic oscLOOatLoQs LQ tKe SerLoG oEserYeG. TKe oQOy PaMor cKaQJe ZortK PeQtLoQLQJ 
Kere Zas tKe traffic GroS LQ ���� as a resXOt of tKe JOoEaO ecoQoPLc crLsLs tKat KaG 
a൵ecteG tKe ParNet. TKe SerLoG EetZeeQ ���� aQG ���� recorGeG a traffic JroZtK rate 
of aSSro[LPateOy �.��� oQ tKe aYeraJe� ZKLcK LQGLcates a SosLtLYe traffic treQG tKat 
Pay Ee eQYLsaJeG for tKe '���� roaG LQ fXtXre as ZeOO. ,Q ����� tKe recorGeG traffic 
growth rate was 8.64 % as compared to the preceding year, which makes us conclude 

tKat� SroYLGeG tKe coQtLQXeG SosLtLYe traffic treQG� tKe traffic forecast for ���� Pay 
reacK aSSro[LPateOy ������ OorrLes GeSeQGLQJ sLJQL¿caQtOy� KoZeYer� oQ otKer factors 
as ZeOO. %y oEserYLQJ traffic treQGs GXrLQJ a ���year SerLoG� Lt Pay Ee QotLceG tKat tKe 
���� recorGeG a traffic GroS rate of �.��� as coPSareG to ����. 

4. Prognostics for lorry traffic on State Road D-404 

Making prognostics for future trends and determining values of variables in fu-

ture periods are very complex and demanding tasks. Future trends can be considered 

aQG GeterPLQeG tKroXJK forecastLQJ XsLQJ aSSroSrLate PetKoGs. Traffic forecastLQJ 
coQsLsts of aQaOysLs of so�far traffic treQGs� GeterPLQatLoQ of fXtXre GeYeOoSPeQt treQGs 
and estimates for a particular period and represents the key segment of the observed 

planning. [3].

Any forecasting should include an analysis of the present state and consequences 

of JooGs ÀoZ treQGs as ZeOO as aQ aQaOysLs of Sast treQGs. In analyzing the port of 

5LMeNa traffic ÀoZs� Lt Ls Qecessary to eYaOXate Lts sL]e aQG Lts sLJQL¿caQce LQ terPs of 
traffic aQG ecoQoPy. Such an evaluation is to be performed by analyzing the intensity 

of JooGs ÀoZs Ey OaQG traQsSort aQG tKe ecoQoPLc streQJtK of tKe Sort KLQterOaQG as 
tKe JooGs¶ GestLQatLoQ. Traffic SroJQostLcs Pay Ee SerforPeG Ey tKe PaMor JroXS of 
JooGs caOOLQJ at tKe Sort or eYeQ Ey tKe GLrectLoQ of JooGs ÀoZ.

Prognostics are made using appropriate qualitative and quantitative methods in de-

SeQGeQce oQ tKe JLYeQ LssXe aQG PaQy otKer factors a൵ectLQJ tKe seOectLoQ of forecastLQJ 
PetKoG. ,Q forecastLQJ freLJKt traffic oQ tKe '���� roaG� TXaQtLtatLYe SroJQostLc PetKoGs 
ZLOO Ee XseG. 4XaQtLtatLYe PetKoGs reTXLre LQ tKe ¿rst SOace oEserYatLoQ of traffic treQGs 
LQ tKe so�far SerLoG aQG tKeQ TXaQtL¿catLoQ of LQterGeSeQGeQce EetZeeQ tKe oEserYeG 
phenomena. It is important to note here that any method used in making prognostics for 

future trends include stability of the observed system as the prerequisite. Likewise, it 

should be pointed out that prognostics are not exact or that the results actually obtained 

LQ resSect of tKe oEserYeG SroEOeP are GL൵ereQt froP tKe oQes SroJQostLcateG. To tKLs 
end, a certain space needs to be set aside for possible errors. 

The method used in making the prognostics was the quantitative one using the 

smoothing technique. TKe Gata tKe SroJQostLcs are EaseG oQ refer to coQtaLQer OoaGLQJ�
XQOoaGLQJ froP OorrLes ZLtKLQ tKe terPLQaO Ä%raMGLca³ aQG oQ  freLJKt Oorry ÀoZ oQ tKe 
'���� roaG to�froP tKe Sort ZKLcK Zere aQaOy]eG LQ tKe SreceGLQJ cKaSter.
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4.1. Prognostics for freight traffic on the D – 404 road using smoothing 
techniques 

Smoothing techniques belong to quantitative methods that are used, beside the 

time series analyses, in short-term prognostics. By these techniques, future values of 

aQ oEserYeG tLPe serLes are forecasteG oQ tKe EasLs of GL൵ereQt aYeraJe YaOXes froP tKe 
Sast. TKe Post sLJQL¿caQt aQG Post freTXeQtOy XseG sPootKLQJ tecKQLTXes are PoYLQJ 
averages and exponential smoothing. Smoothing techniques are most frequently used in 

short-term forecasting because they enable forecasting exclusively for one time period 

in advance (1 year, 1 quarter, 1 month, 1 day). The exponential smoothing technique is 

most frequently used in practice because it provides more acceptable results than the 

moving averages technique. This is because the exponential smoothing technique takes 

LQto accoXQt tKat tKe Gata referrLQJ to seYeraO receQt tLPe SerLoGs are Pore sLJQL¿caQt 
and provide much more precise and better results than the data from the beginning of 

the period.

4.2.1. Traffic forecast using the moving averages technique

The moving averages technique represents the simplest smoothing technique 

used in forecasting future trends. It is based on the fact that the forecasted value of 

a time interval in a time period equals the average value of intervals in several past 

time period. Tables 6, 7 and 8 show the forecast using the moving averages technique 

for tZo� tKree aQG ¿Ye tLPe SerLoGs. After the completed forecasting, it is necessary 

to decide which one of the moving averages indicates a more precise forecasted value 

that is more approximate to actual data or which forecasted values are more credible. 

Such a decision is to be made by taking into consideration the value of the root mean 

square error (RMSE). The moving average or the exponential smoothing ponder show-

ing lower RMSE will be used in forecasting future period trends. 



77Pomorski zbornik 53 (2017), 67-83

Forecast for Lorry Traffic...Siniša Vilke, Tomislav Krljan

Table 3 – The two-year moving average

YEAR
LORRY TRAFFIC ON 

D-404 (in 000) (A)
2-year moving average 

(F) A-F (A-F)2

2007 71.420 - - -

2008 87.355 - - -

2009 55.814 79.39 -23.57 555.710

2010 56.073 71.58 -15.51 240.607

2011 65.279 55.94 9.34 87.152

2012 49.273 60.68 -11.40 130.028

2013 51.099 57.28 -6.18 38.155

2014 57.891 50.19 7.71 59.367

2015 59.581 54.50 5.09 25.867

2016 64.730 58.74 5.99 35.928

2017  6216 � 1172.814

Source: Prepared by the authors according to data from Table 2. 

The forecasted values for a two-year period were obtained as the arithmetic mean 

for two past periods. The forecast for 2017 based on a two-year moving average results 

in 62,160 freight vehicles or 2,570 lorries less than in the preceding year. The RMSE 

for the two-year moving average results in 12.11.

Table 4 – The three-year moving average

YEAR
LORRY TRAFFIC ON 

D-404 (in 000) (A)
3-year moving 

average (F) A-F (A-F)2

2007 71.420 - - -

2008 87.355 - - -

2009 55.814 - - -

2010 56.073 71.53 -15.46 238.909

2011 65.279 66.41 -1.14 1.288

2012 49.273 59.06 -9.78 95.694

2013 51.099 56.88 -5.78 33.362

2014 57.891 55.22 2.67 7.150

2015 59.581 52.75 6.83 46.603

2016 64.730 56.19 8.54 72.926

2017 60.73 � 495.933

Source: Prepared by the authors according to data from Table 2.

The forecasted values for a three-year period were obtained as the arithmetic 

mean for three past periods. 

The forecast for 2017 results in 60,730 freight vehicles or 4,000 lorries less than 

in 2016. The RMSE for the three-year moving average results in 8.42.
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Table 5 – The five-year moving average

YEAR
LORRY TRAFFIC ON 

D-404 (in 000) (A)
5-year moving 

average (F) A-F (A-F)2

2007 71.420 - - -

2008 87.355 - - -

2009 55.814 - - -

2010 56.073 - - -

2011 65.279 - - -

2012 49.273 67.19 -17.92 320.954

2013 51.099 62.76 -11.66 135.951

2014 57.891 55.51 2.38 5.681

2015 59.581 55.92 3.66 13.381

2016 64.730 56.62 8.11 65.698

2017  56.51 � 541.664

Source: Prepared by the authors according to data from Table 2.

TKe forecasteG YaOXes for a ¿Ye�year SerLoG Zere oEtaLQeG as tKe arLtKPetLc PeaQ 
for ¿Ye Sast SerLoGs. TKe forecast YaOXe for ���� EaseG oQ tKe ¿Ye�year PoYLQJ aYeraJe 
results in 56,510 lorries or almost 10,000 lorries less than resulting from the known 

YaOXe LQ ����. TKe 506( for tKe ¿Ye�year PoYLQJ aYeraJe resXOts LQ ��.��.
The forecast for 2017 obtained on the basis of the three-year moving average 

amounting to 60,730 is more reliable and provides more precise results than the one 

based on the two-year moving average resulting in 62,160 and the one based on the 

¿Ye�year PoYLQJ aYeraJe resXOtLQJ LQ ������. ,Q seOectLQJ tKe Pore reSreseQtatLYe 
forecasting results, it is important to follow the RMSE values. The lower the value of 

this parameter, the more precise the forecast, i.e. the closer the forecast to actual values. 

4.2.2. Traffic forecast using the exponential smoothing technique 

The exponential smoothing technique is more frequently used owing to its more 

precise results in comparison with the moving averages technique. The forecast for 

the period t+1 (Ft+1) using the exponential smoothing technique is obtained as a pon-

dered average of the actual and forecasted values of the time series within the period t. 

When using the exponential smoothing technique, the actual value of the time series is 

attacKeG tKe corresSoQGLQJ SoQGer Ȧ ZKLcK Pay acTXLre a YaOXe EetZeeQ � aQG �. %y 
selecting the ponder value of 1, the result will be the value equalling the actual value 

of the time series. This forecast is known as the naive forecast.

At the beginning of the procedure, it is necessary to add a value to the initial 

forecast. 2Qe SossLELOLty Ls for YaOXe Ft to take the mean value of the whole time series 

observed. Tables 9, 10 and 11 show the exponential smoothing forecasts based on 

SoQGers �Ȧ� �.�� �.�� �.�.
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Table 6 – Exponential smoothing with ponder ω= 0.1

YEAR
LORRY TRAFFIC ON 

D-404 (in 000) (A)
FORECAST with 

w=0,1 (F) A-F (A-F)^2
2007 71.42 61.85 9.57 91.56

2008 87.355 62.81 24.55 602.54

2009 55.814 65.26 -9.45 89.28

2010 56.073 64.32 -8.25 67.98

2011 65.279 63.49 1.79 3.19

2012 49.273 63.67 -14.40 207.34

2013 51.099 62.23 -11.13 123.95

2014 57.891 61.12 -3.23 10.42

2015 59.581 60.80 -1.22 1.48

2016 64.73 60.67 4.06 16.45

  � 1214.17

2017 - 61.08   

Source: Prepared by the authors according to data from Table 2.

$ccorGLQJ to tKe forecastLQJ XsLQJ SoQGer Ȧ �.�� tKe ���� forecast resXOts LQ 
61,080 lorries. The RMSE value results in 11.02.

Table 7 – Exponential smoothing using ponder ω= 0.3

YEAR
LORRY TRAFFIC ON 

D-404  (in 000) (A)
FORECAST using 

**w=0.3 (F) A-F (A-F)^2
2007 71.42 61.85 9.57 91.56

2008 87.355 64.72 22.63 512.25

2009 55.814 71.51 -15.70 246.43

2010 56.073 66.80 -10.73 115.12

2011 65.279 63.58 1.70 2.87

2012 49.273 64.09 -14.82 219.61

2013 51.099 59.65 -8.55 73.06

2014 57.891 57.08 0.81 0.65

2015 59.581 57.32 2.26 5.09

2016 64.73 58.00 6.73 45.27

   � 1311.91

2017 - 60.02   

Source: Prepared by the authors according to data from Table 2.

UsLQJ SoQGer Ȧ �.�� tKe oEtaLQeG forecast YaOXe Ls oEtaLQeG for ���� of ������ 
as coPSareG to tKe SreceGLQJ oQe XsLQJ SoQGer Ȧ �.�. TKe forecasteG YaOXe oEtaLQeG 
for ���� Ls OoZer Ey �.��� tKaQ tKe oQe oEtaLQeG XsLQJ SoQGer Ȧ �.�. TKe resSectLYe 
RMSE value is 11.45. 
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Table 8 - Exponential smoothing using ponder ω= 0.5

YEAR
LORRY TRAFFIC ON 

D-404  (in 000) (A)
FORECAST using 

**w=0.5 (F) A-F (A-F)2

2007 71.42 61.85 9.57 91.56

2008 87.355 66.64 20.72 429.29

2009 55.814 77.00 -21.18 448.65

2010 56.073 66.40 -10.33 106.74

2011 65.279 61.24 4.04 16.32

2012 49.273 63.26 -13.99 195.61

2013 51.099 56.27 -5.17 26.70

2014 57.891 53.68 4.21 17.71

2015 59.581 55.79 3.79 14.40

2016 64.73 57.68 7.05 49.65

� 1396.62

2017 - 61.21
Source: Prepared by the authors according to data from Table 2.

As resulting from the above table, the forecasted value for 2017 is 61,210 lorries. 

The RMSE value is 11.82.

The forecasting using three ponders was carried out in order to enable best choice 

aPoQJ tKose o൵ereG� L.e. seOectLoQ of tKe forecast SroYLGLQJ tKe Post accXrate forecast 
data for 2017. Selection of the most accurate forecast is made on the basis of the low-

est RMSE. Among the above presented forecasts the lowest RMSE results from the 

forecast XsLQJ SoQGer Ȧ �.�� L.e. tKLs forecast Ls cOoser to actXaO YaOXes. TKere foOOoZs 
the interpretation of the result obtained using the exponential smoothing method stating 

tKat tKe YaOXe oEtaLQeG for ���� XsLQJ SoQGer Ȧ �.� �������� SroYLGes Pore accXrate 
aQG Pore reOLaEOe Gata tKaQ tKe forecasteG YaOXe of ������ oEtaLQeG XsLQJ SoQGer Ȧ �.� 
aQG tKe YaOXe oEtaLQeG XsLQJ SoQGer Ȧ �.� ��������.

By comparing the selected results obtained using the moving averages method 

(F2017. ������� aQG Ey tKe e[SoQeQtLaO sPootKLQJ PetKoG �F2017. ������� Lt Ls Sos-

sible to state that the value obtained for 2017 obtained using the three-year moving 

average provides more reliable results than the value obtained using the exponential 

sPootKLQJ PetKoG EaseG oQ SoQGer Ȧ �.�. TKe GL൵ereQce EetZeeQ tKe Gata GLsSOayeG 
is that the forecasted value using the three-year moving average is lower by 0.57% 

tKaQ tKe forecast oEtaLQeG XsLQJ SoQGer Ȧ �.�. TKe SreseQteG GeSartXre Ls PLQLPaO 
aQG ZLOO Qot SroGXce aQy sLJQL¿caQt e൵ect XSoQ tKe YaOXe to Ee actXaOL]eG LQ ����. ,t 
is interesting to observe that the values forecasted using smoothing techniques result 

in lower values than the values actually obtained in 2016, whereby the assumption and 

assertLoQ Ls coQ¿rPeG tKat a certaLQ sSace QeeGs to Ee set asLGe for SossLEOe errors in 

resSect of forecasteG Gata EecaXse forecasteG YaOXes are ofteQ sLJQL¿caQtOy GL൵ereQt 
from those actually obtained. 
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Conclusion

State road D-404 is of vital importance for the road freight transport within the 

city of Rijeka since it represents the connection between container terminal ‘Brajdica’ 

and the eastern ring-road and expressway A7, and further connections to expressways 

to =aJreE aQG LMXEOMaQa. ,ts coQstrXctLoQ aQG oSeQLQJ for traffic SroYLGeG reOLeYLQJ 
of XrEaQ traffic aQG aYoLGLQJ Oorry�coQtaLQer traffic tKroXJK tKe cLty aQG ZLGer XrEaQ 
area of Rijeka.

Traffic SroMectLoQs for tKe fXtXre SerLoG are sLJQL¿caQt for SOaQQLQJ aQG GesLJQ 
purposes and can be made using appropriate forecasting methods.

Traffic forecastLQJ Ls tKe Ney seJPeQt LQ tKe traffic SOaQQLQJ Srocess� ZKLcK refers 
to aQaOyses of traffic treQGs LQ tKe so�far SerLoG� GeterPLQatLoQ of fXtXre traffic treQGs 
and estimates for a particular period. Traffic forecastLQJ caQ Ee SerforPeG XsLQJ aS-

propriate qualitative and quantitative methods. Qualitative methods are more concerned 

ZLtK sXEMectLYe aSSroacK aQG�or oSLQLoQ of LQGLYLGXaOs. 2Q tKe otKer KaQG� TXaQtLtatLYe 
methods are used to present quantitative results of the study involved and therefor 

tKeLr LPSOePeQtatLoQ Ls Pore freTXeQt LQ traffic forecastLQJ. Quantitative forecasting 

methods require more time for implementation but are more precise for short-term 

SroMectLoQs. TKese PetKoGs are aLPeG at forecastLQJ treQGs to foOOoZ tKe so�far traffic 
rate in a particular future period.

,Q forecastLQJ freLJKt traffic treQGs oQ tKe '���� roaG� tKe TXaQtLtatLYe forecastLQJ 
method using the smoothing technique was implemented. 

Having analyzed the prognostic results obtained by the moving average and ex-

ponential smoothing methods, we were lead to the conclusion that the most relevant 

SroMectLoQ of traffic forecast Zas tKe oQe oEtaLQeG oQ tKe EasLs of tKe tKree�year PoYLQJ 
average. The forecast for 2017 obtained on the basis of the three-year moving average 

amounts to 60,730 lorries which is 4,000 less than the amount reached in 2016.

Although the container terminal ‘Brajdica’ resulted in a turnover of 103,791 TEU 

LQ tKe ¿rst KaOf of ����� ZKLcK e[ceeGeG Ey ��� tKe oQe of ����� tKe aPoXQt oEtaLQeG 
has been assessed as satisfactory taking into account the fact that this year has seen 

sLJQL¿caQt JroZtK LQ coQtaLQer traQsSort Ey raLO as a resXOt of ParNet OLEeraOL]atLoQ.[9].

+oZeYer� Eetter TXaOLty SroMectLoQs for fXtXre traffic YaOXes� LQ SartLcXOar for seY-

eral years in advance, would require implementation of additional forecasting methods 

ZLtK otKer factors to Ee taNeQ LQto accoXQt EesLGe traffic treQGs froP tKe Sast SerLoG. TKe 
coQtaLQer Sort traffic as ZeOO as tKe roaG freLJKt traffic EeLQJ GeSeQGeQt oQ ecoQoPLc 
trends in general, changes on the market and other factors, it is recommended for a 

more complete forecasting in further research work to use other methods in addition 

to smoothing technique methods.
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6LQLãa 9LONe� ToPLsOaY .rOMaQ

Prognoza kamionskog prometa na Državnoj cesti 
D – 404 

Sažetak

8 raGX Me aQaOL]LraQo NaNo L]JraGQMa LOL PoGerQL]acLMa cestoYQLK SroPetQLca XtMeþe Qa XQaSrMeÿeQMe L 
ra]YoM NoQteMQersNoJ terPLQaOa rLMeþNe OXNe te SoYeüaQMe QMeQe NoQNXreQtQostL Qa sMeYerQoMaGraQsNoP 
prometnom pravcu. 

&LOM oYoJa raGa Me SrLNa]atL SrLPMeQX PetoGe teKQLNe L]JOaÿLYaQMa Nao NYaQtLtatLYQe PetoGe ]a SroJQo-

]LraQMe cestoYQoJ SroPeta. 6 oE]LroP Qa ]QaþaM NoQteMQersNoJ SroPeta X XNXSQoP teretQoP SroPetX 
rLMeþNe OXNe SroJQo]a Me QaþLQMeQa ]a NaPLoQsNL SroPet Qa 'råaYQoM cestL ' ± ���� SroPetQLcL NoMa 
SoYe]XMe NoQteMQersNL terPLQaO %raMGLca sa aXtocestoYQoP PreåoP SrePa ]aOeÿX. 1a taM QaþLQ SrocLMe-

QMeQ Me SoteQcLMaOQL sXSstrat NoML JraYLtLra NoQteMQersNoP terPLQaOX L SrLSaGaMXüeP SroPetQoP SraYcX.  
1aNoQ oSLsa JeoSroPetQoJ L OoJLstLþNoJ SoOoåaMa rLMeþNe OXNe SrLNa]aQa sX teKQLþNo�teKQoOoãNa 
oELOMeåMa NoQteMQersNoJ terPLQaOa %raMGLca. 1aGaOMe� SrLNa]aQo Me ]QaþeQMe 'råaYQe ceste ' ± ��� ]a 
ra]YoM NoQteMQersNoJ terPLQaOa %raMGLca te Me aQaOL]LraQo NretaQMe NaPLoQsNoJ SroPeta Qa 'råaYQoM 
cestL ' ± ���. 
,aNo sX SotYrÿeQe tYrGQMe Ga se SroJQo]LraQe YrLMeGQostL þesto ]QatQo ra]OLNXMX oG stYarQo ostYareQLK� 
GoELYeQe YeOLþLQe oþeNLYaQoJ SroPeta SoPoüX teKQLNe L]JOaÿLYaQMa PetoGoP SoPLþQLK SrosMeNa ]a 
����. JoGLQX ocLMeQMeQe sX Nao ]aGoYoOMaYaMXüe.  

Ključne riječi: prognoza kamionskog prometa, kvantitativne metode prognoziranja, tehnika izgla-

ÿLYaQMa.


