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POSUDZOVANIE VPLYVU AUTOMOBILOVE) DOPRAVY

NA ZNECISTENIE, OVZDUSIA

ASSESMENT OF THE IMPACT OF ROAD TRAFFIC ON AIR POLLUTION

Negativny vplyv dopravy na znecistenie ovzdusia je vSeobecne
znamy. Automobilovd doprava mad velky podiel na znecistovani pri-
zemnej vrstvy atmosféry, v ktorej sa rozvija zivot, Specidlne imisii, t. j.
koncentrdcie emitovanych znecistujiicich latok. Dovodom je emisia
hlavnych znecistujucich latok z automobilovej dopravy tesne nad povr-
chom zeme (CO - oxid uhlicity, NO, - suma oxidov dusika a VOC -
prchavé organické zliiceniny).

Prispevok sa zaoberd vplyvmi automobilovej dopravy na znecis-
tovanie ovzdusia a metodikou na vypocet mnozstva produkovanych
znecistujiicich latok, ktord sa pre tento ucel pouZiva.

1. Uvod

Problém znecistenia ovzdusia od automobilovej dopravy nie je
mozné riesif zvySenim vysky vypustania znecistujucich latok, ako sa
to riesi pri priemyselnych zdrojoch, kde sa dosiahnutie pripustnych
imisnych limitov riesi stanovenim tzv. minimalnej vysky komina.
Znizit dopad automobilovej dopravy na znecCistenie ovzdusSia pri-
zemnej vrstvy atmosféry znamena znizit emisie zneCistujucich latok
automobilov technickym zdokonalenim spalovania, zachytenim,
popripade transforméaciou zneéistujucich latok katalyzatormi. Dal-
§im rieSenim moze byt odklonenie alebo presmerovanie automo-
bilovej dopravy v oblasti s najviac zneCistenym ovzdusSim.

2. Vplyv dopravy na znecistenie ovzdusia

Zatazenie Zivotného prostredia ludskou ¢innostou - dopravou -
- vznika vnasanim chemickych, fyzikalnych a biologickych prvkov.
Dolezité je neprekrocit mieru inosnosti izemia, neposkodit ho.
Doprava zatazuje zZivotné prostredie pocas vystavby a prevadzky,
najviac hlukom a emisiami. V sucasnosti v§ak uz existuju také tech-
nologické postupy a technické vybavenie cestnych komunikacii,
ktoré dokazu zabezpecif neprekrocenie predpisanych hygienickych
limitov.

Doprava a dopravny priemysel v Europe spotrebovava 20 %
celkovej energie, z tohto mnozstva az 83 % spotrebovava cestna

The negative impact of traffic on air pollution is a generally known
Jact. Automobile traffic has a great share in polluting the ground layer
of the atmosphere where life develops and this applies especially to
emissions, I. e. concentrations of polluting substances being emitted.
This is the result of emissions of the main polluting substances pro-
duced by automobile traffic (CO - carbon monoxide, NO, - sum of
nitrogen oxides and VOC - volatile organic compounds) just above the
surface of the earth.

The article deals with the influence of automobile traffic on air
pollution using the methodology of calculating the volume of gener-
ated pollutants applied for this purpose.

1. Introduction

The problem of air pollution caused by traffic cannot be solved
by increasing the volumes of air polluting substances release as it
is solved in industrial sectors, where permitted emission limits are
secured by specifying the minimum chimney height. To reduce the
impact of automobile traffic on pollution of the ground layer of the
atmosphere, it means to reduce the emissions of pollutants coming
from vehicles by means of technical enhancement of the combus-
tion process, by means of interception or transformation of the pol-
luting substances with catalysts. Another solution can be to deflect
or redirect traffic from the areas with the most polluted air.

2. Impact of Traffic on Air Pollution

The burden laid on the environment by human activity - by
the traffic - is the result of bringing chemical, physical, and bio-
logical components into the environment. It is important not to
exceed the rate of sustainability of a territory and not damage it.
The traffic has had a bad impact on the environment already when
new roads are constructed and exploited, mostly due to noise and
emissions. Nowadays, technological methods and technical equip-
ment have been developed that can ensure that the specified
hygienic limits will not be exceeded.

Traffic and traffic industry in Europe consumes up 20 % of the
overall energy, and 83 % out of this amount is consumed by road
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doprava, ktora vsak tieZ vyprodukuje 81 % oxidu uhol'natého CO
a 51 % oxidov dusika NO,. Dialnice dokaZu tento priemer zniZit
priblizne o 25 % [1].

Na znecCistovani ovzdusia na Slovensku sa doprava podiela asi
23 %, najvacsim znecistovatelom je energetika so svojimi cca 42 %.
Podiel mobilnych zdrojov na tvorbe zakladnych znecistujucich
latok v ostatnom obdobi je uvedeny v tab. ¢. 1 [2].

traffic, which also produces 81 % of CO and 51 % of NO, nitrogen
oxides. Highways can decrease this amount by about 25 %. [1]

In Slovakia, the share of traffic in air pollution is about 23%,
while the main polluter, power engineering has a 42% share in air
pollution. The share of mobile sources in production of basic pol-
luting elements in the last years is shown in Table 1 [2].

Emisie zakladnych znecistujucich latok od mobilnych Tab. 1 Emissions of basic polluting substances coming Table 1
zdrojov za obdobie 1995 - 1999 from mobile sources in 1995-1999
Roky Znecistujuce latky [tis.t/rok] Year Polluting substances [1000.t/year]
oxid uhol'naty| oxid dusika | oxid siriCity | tuhé emisie carbon nitrogen sulphur
CO NO, SO, monoxide oxides dioxid particles
1995 181.1 52.9 24 32 co NO, S0,
1996 154.3 43.4 23 25 1995 181.1 52.9 24 32
1997 1442 445 24 27 1996 154.3 43.4 2.3 2.5
1998 144.6 46.3 27 29 1997 144.2 44.5 2.4 2.7
1999 1325 2.9 11 27 1998 144.6 46.3 2.7 2.9
1999 132.5 42.9 1.1 2.7

Na znecistovani ovzduSia v okoli cestnych komunikacii sa
podielaju hlavne skodliviny z vyfukovych plynov vozidiel a zvySena
prasnost sposobena virenim usadenych Castic na povrchu vozovky
a v jej blizkosti.

3. Moznosti minimalizacie vplyvov automobilovej
dopravy na zZivotné prostredie

Dalsi vyvoj dopravy je neoddelitelne spojeny s otazkami hodnot
Zivotného $tylu, sposobu Zivota a hospodarstva. Verejnym zaujmom
uréeny ramec, v ktorom sa mozu dopravné koncepcie pohybovat,
zavisi od meniaceho sa postoja spolo¢nosti k tymto otazkam.
Dopravna politika musi preto zohladnovat globalne aj regionalne
podmienky. Perspektivu maju tie stratégie, ktoré uvazuji so zmenou
dopravnych systémov a s obmedzenim neefektivnej dopravy. Skod-
livé u€inky dopravy na Zivotné prostredie musia byt obmedzované
presadzovanim rychlejsich, bezpecnejSich a pohodlnejsich doprav-
nych prostriedkov verejnej dopravy, ako aj obmedzovanim indivi-
dualnej dopravy hlavne vo velkych mestach.

Vplyv trasovania na rozptyl emisii

Kvalita a Cistota ovzdusia sa stali vaZnym problémom pri navr-
hovani dopravnych sieti v mestach i mimo nich, pri organizovani
dopravy a izemnom planovani. Dopravné kolapsy v mestach zna-
menaju zvysenie koncentracie skodlivin.

Oxidy dusika patria ku skodlivinam, ktoré pri sicasnom zlozeni
pohonnych hmot predstavuju jednu z najzavaznejsich zloziek vyfu-
kovych plynov, pretoze dosahuju pomerne vysoké koncentracie
Skodlivych latok produkovanych do ovzdusSia, su dobre zistitelné
monitorovanim a daju sa ur¢ovat vypoctom. Preto sa spravidla
pouzivaju ako indikator znecistenia ovzdusia vyfukovymi plynmi
od dopravy.

Air pollution in the vicinity of roads is the result of pollutants
coming from vehicle exhaust gases and the increased amount of
dust caused by whirling of sedimentary particles on the surface of
pavements and around the pavements.

3. Possibilities of Minimizing the Impact of Traffic
on the Environment

Further traffic development is inseparably connected with the
issue of life style values, living conditions and the level of economy.
The framework defined by the public interest within which traffic
concepts can be developed, depends on changing the attitude of
the society towards these issues. A traffic policy must therefore
consider global and regional conditions. Such strategies that involve
changes in traffic systems and some reduction of ineffective traffic
seem to be perspective. Harmful effects of the traffic on the envi-
ronment must be reduced by implementation of faster, safer and
more comfortable public traffic service, as well as by limitation of
individual traffic, in large cities in particular.

Influence of Layout on Emissions Dispersion

The quality and cleanness of the atmosphere has become
a serious problem in traffic network planning in and outside cities,
in traffic organization and regional planning. Traffic collapses in
cities lead to higher concentration of pollutants.

Nitrogen oxides belong to such pollutants that represent one of
the crucial components of exhaust gases coming from the current
fuels, because they reach relatively high concentrations of pollu-
tants produced into the atmosphere. They are also easy to monitor
and can be estimated by calculation. Therefore they can be used
as an indicator of air pollution caused by emissions coming from
the traffic exhaust gases.
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Poloha komunikacie je po vystavbe nemenna, preto jej treba
venovat pozornost pri rieSeni komunikacnych systémov sidiel.
Podla [3] bol sledovany rozptyl skodlivin v zavislosti od polohy
nivelety komunikacie (v zareze, na teréne, v nasype) a vysledky
poukazuju na fakt, Ze tato zavislost sa prejavuje len pri rychlosti
vetra mensej ako 3 m/s, kedy sa zemné teleso v nasype javi ako
vhodnejsie pre rozptyl emisii. Koncentracie NO, namerané pri
komunikacii v nasype boli 2-krat mensie ako pri komunikacii
vedenej v urovni terénu.
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The position of the road is permanent after it is constructed,
S0 it is necessary to pay attention to the design of communication
systems. According to [3], dispersion of pollutants dependent on
the vertical alignment position (in the cut, in the field, on the
embankment) was monitored and the results show that this depen-
dence is seen only when the wind velocity is under 3 m/s, and in
this case the formation level seems to be more suitable for emis-
sion dispersion. NO, concentrations monitored near a road on the
embankment were twice lower than the concentrations near a road
located at the ground level.

NOx concentrations dependent on the wind velocity
(p =4 %, v=_80 km/h)
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Obr. 1 Vplyv rychlosti vetra na rozptyl emisii
(p - pozdizny skion nivelety, v - rychlost vozidla)
Fig. 1 The influence of the wind velocity on the emission dispersion
(p - longitudinal gradient of the vertical alignment, v - vehicle velocity)

Na obr. 1 a 2 su uvedené porovnavacie udaje vypocCitané pre
rovnako smerovo orientovany usek komunikacie dlhy jeden km,
sirkové usporiadanie MS 21,5 pre mestsky rezim jazdy vozidiel, ¢o
zodpoveda zbernej komunikacii (MS) a R 22,5 pre mimomestsky
(plynuly) rezim jazdy na rychlostnej komunikacii (R). Uvazovany
pocet osobnych vozidiel bol 10 000 / 24 h, nakladnych 1000 / 24 h,
$pic¢kova polhodinova doprava bola uvazovana hodnotou 5 % z celo-
dennej 24-hodinovej dopravy.

Cestna zelen

Ucelné pouzitie cestnej zelene moze velkou mierou zmiernit
negativne vplyvy automobilovej dopravy. V minulosti sa u¢inok
zelene nevyuzival dostatoCne. V sucasnosti sa ochrana a tvorba
Zivotného prostredia i jeho skvalitnovanie davaju do suvislosti
s problémom rovnovahy medzi civilizaénou a biologickou zlozkou
Cloveka. Jedna z mnohych funkcii zelene je aj filtracna a v suvislosti
s tym sa uplatiiuje vysadba zelene pozdiz komunikacie

Nie kazda forma vysadby vedie k zlepSeniu situacie. Dolezita
je hibka vysadby a jej filtraéna ucinnost. Vysadba moze zachytavat
prasnost a rovnomerne rozptylovat plynné emisie.

Regulovanie rychlosti prudenia vetra hustou vysadbou vedie
k zvySeniu prasnosti v tesnej blizkosti komunikacie. LepSie uc¢inky
sa dosiahnu vysadbou drevin, cez ktoré vietor prechadza.

NO dispersion dependent on the position of the
vertical alignment

NO, concentrations in
%

wind velocity in m/s

1
cut embankment
]

ground

Obr. 2 Vplyv polohy zemného telesa [3]
Fig. 2 The influence of the construction limits position [3]

Figures 1 and 2 show comparative data calculated for a 1 km
long road section with the same directional orientation with the
wideness category of MS 21.5 for urban driving mode, which cor-
responds to a local distributor road and R22.5 for rural (fluent)
driving mode on an expressway (R) . The assumed number of pas-
senger cars was 10,000 / 24 hours, trucks 1,000 / 24 hours, the
peak traffic in half an hour was assumed to be 5% out of the total
all-day long 24 hours traffic.

Road Greenery

Effective usage of the road greenery can considerably reduce
the negative impact of automobile traffic. In the past, the effect of
greenery was not utilized sufficiently. Nowadays, the protection
and creation of the environment and its enhancement is associated
with the problem of balance between the civilization and biologi-
cal aspects of a man. One of the various functions of the greenery
is filtration, so greenery is planted along roads.

However, not every form of planting results in improved situ-
ation. Depth of the planting and its filtering efficiency are very
important. The greenery can capture dust and equally disperse
gaseous emissions.

Regulation of wind velocity by dense planting increases the
volume of dust in the vicinity of the road. The species that allow
the wind to blow through are more effective.
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Obr. 3 Husty porast
Fig. 3 Dense greenery
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Obr. 4 Listnaty porast
Fig. 4 Deciduous greenery
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Obr. 5 Zmiesany porast

Fig. 5 Mixed greenery

Krovity listnaty husty porast Sirky 5 m (obr. 3) sposobuje
redukciu rozptylu skodlivin do okolia asi 20 %. Porast Sirky 10 m
(obr. 4) sposobuje v lete redukciu rozptylu Skodlivin az 60 %. Naj-
vhodnejsia je kombinacia listnatych a ihlicnatych stromov. Nie st
vykyvy v ucinnosti vysadby v lete a v zime (obr. 5) [3].

Pri listnatych a ihli¢natych stromoch sa prejavuje zachytavanie
prachu produkciou kyslika a spotrebou kysli¢nika uhli¢itého. Pri
plynnych exhalatoch je ucinok zelene len pri malych koncentra-
ciach. V opac¢nom pripade dochadza k vysychaniu hlavne ihlicna-
tych stromov.

Z uvedenych porovnani vyplyva, Ze problematiku dopadu
dopravy na znecistenie ovzdusSia v mestach je potrebné riesit uz
na urovni Uzemnoplanovacej dokumentacie, kde sa rozhoduje
o umiestneni komunikacii.

A bushy, dense deciduous greenery with the width of 5 m (see
Fig. 3) reduces the dispersion of the pollutants to the surrounding
by approximately 20 %. The greenery with the width of 10 m (see
Fig. 4) reduces the dispersion of the pollutants by up to 60 % in
the summer. The most proper is the combination of deciduous
and coniferous species. There is no oscillation in the efficiency of
the planting between summer and winter (see Fig. 5) [3].

The effect of capturing the dust by oxygen production and
carbon dioxide consumption can be seen in deciduous and conif-
erous trees. Considering gaseous pollutants, greenery is effective
only in case of low concentrations, otherwise coniferous trees in
particular dry up.

It can be seen from the presented comparisons that the ques-
tion of the impact of traffic on air pollution in urban agglomera-
tions should be solved already at the stage of land planning

documentation, where the location
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traffic makes the environment worse.

The noise from the traffic is felt
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vo vnimany aj hluk od dopravy.
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Zelen popri komunikacii tlmi
hluk od dopravy v zavislosti od

Obr. 6 Vplyv Sirky zelene na redukciu imisii
Fig. 6 The influence of the green belt on emission reduction

noise depending on the width of the
green belt. More significant muting
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Sirky zeleného pasu. VyraznejSie timenie sa prejavuje od Sirky 15 -
- 20 m. V zelenom pase je vhodna kombinacia stromov a krikov,
aby hluk prenikal co najmenej. Odporuca sa kombinacia listnatych
a ihli¢natych drevin, nakol'ko listnaté vo vegetacnom klude nemaju
vplyv na znizenie hluku. ZniZenie hlukovej energie spociva vo vel-
kom mnozstve odrazov od listov, konarov a ihli¢ia, teda nie v po-
hlcovani.

Protihlukové clony

Osadenie protihlukovych clon, stien a valov pozitivne posobi
aj na rozptyl emisii. Stena sice tvori bariéru, ktora ovplyvni koncen-
traciu plynnych latok v blizkosti komunikacie, ale pri jej vhodnom
umiestneni redukuje tito hodnotu v oblasti za stenou, kde docha-
dza k znizeniu koncentracie. Pokial je teda vybudovany chodnik
pre pesich za protihlukovou stenou, su dosahované koncentracie
v ovzdusi nizsie.

KOMNIKOCIe
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can be seen starting from the width of 15 - 20 m. In the green belt
it is appropriate to combine trees and bushes, so that as little noise
passes through as possible. It is recommended to combine decid-
uous and coniferous species, because the deciduous species have
no effect on noise protection during their vegetative standstill. The
reduction of noise energy is the result of the large amount of noise
reflected on the leaves, branches and needles, not of absorption.

Noise Barriers

Construction of noise barriers has got positive influence also
on the emission dispersion. A wall makes a barrier that affects the
concentration of gaseous substances near the road, however, if it
is properly situated, it reduces this value in the area behind the
wall. Therefore, if footpaths are constructed behind noise barriers,
the concentrations in the air are lower.

b \
50
3 5 10 15 20 25 30 35 40 45 50

distance from the road axis (m)

NOx concentrations (%)

no barrier

barrier, 4m high

Obr. 7 Vplyv protihlukovej steny na redukciu imisii
(rychlost vetra > 2m.s~")
Fig. 7 Effect of the noise barrier on the emission reduction
(wind velocity > 2m.s™")

Z uvedenych porovnani vyplyva, Ze problematiku dopadu
dopravy na znecistenie ovzduSia v mestach je potrebné riesit uz
na urovni uzemnoplanovacej dokumentacie, kde sa rozhoduje
0 umiestneni komunikacii, priCom je nevyhnutné porovnavanie
variantnych rieseni.

4. Moznosti ovplyvnenia produkcie emisii

Redukovanie zdroja Skodlivin predstavuje ovplyviiovanie inten-
zity dopravy zmenou dopravnych tokov, znizovanim podielu naklad-
nych vozidiel, obmedzovanim rychlosti, o mozno dosiahnut do-
pravnym znacenim a zosuladenim rezimu dopravy v ramci komu-
nika¢ného systému (zelené viny).

V grafoch na obr. 10 a 11 su uvedené porovnavacie udaje vypo-
Citané pre rovnako smerovo orientovany usek komunikacie dlhy
jeden km, Sirkové usporiadanie MS 21,5 pre mestsky rezim jazdy vo-
zidiel, ¢o zodpoveda zbernej komunikacii (MS) a rychlostnej komu-
nikacii R 22,5 pre mimomestsky (plynuly) rezim jazdy. Uvazovany
pocet osobnych vozidiel bol 10 000/24 h, nakladnych 1000/24 h,
$pickova polhodinova doprava bola uvazovana hodnotou 5 % z celo-
dennej 24-hodinovej dopravy. Vypocet je uskuto¢neny podla meto-
diky SAV [4].
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distance from the road axis (m)

NOx concentrations (%)
N
=]

wall, h=4m = cmbankment, h=4m = = = greenery, $=4m, h=4m

Obr. 8 Porovnanie uicinku zelene, protihlukovej steny
a zemného valu [3] (5 - Sirka, h - vyska)
Fig. 8 Comparison of the effect of greenery, noise wall
and embankment [3]

It can be seen from the presented comparisons that it is nec-
essary to solve the impact of the traffic on air pollution already at
the stage of land planning documentation, where the location of
the roads is determined.

4. Possibilities of the Influencing the Production
of Emissions

To reduce sources of pollutants means to influence traffic
intensity by changing traffic flows, reducing the number of trucks,
limiting speed, which can be achieved by road signs and synchro-
nization of the traffic mode in terms of the communication system
(green waves).

Figures 9 and 10 show comparative data calculated for a 1 km
long road section with the same directional orientation with the
wideness category of MS 21.5 for urban driving mode, which cor-
responds to a local distributor road (MS) and a R22.5 expressway
for rural (fluent) driving mode. The assumed number of passenger
cars was 10,000/24 hours, trucks 1,000/24 hours, the peak traffic
in half an hour was assumed to be 5 % from the total all-day 24 hours
traffic. The calculation was done according to the SAV (Slovak
Science Academy) methodology. [4]
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NO, concentration depending on the driving speed
(slope 4 %)
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Obr. 9 Vplyv rychlosti jazdy vozidiel
Fig. 9 Effect of the driving speed

Vplyv reguldcie dopravy na produkciu emisit

Pri skvalitiovani Zivotného prostredia v mestach zohrava vyz-
namnu ulohu preventivny pristup k rieSeniu problémov. Doprava
ako taka je v sicasnosti problémom kazdého mesta. Jednym z pri-
kladov, ako mozno riesit problém z hladiska zne€istovania ovzdusia
z dopravy, je rozsiahla $tudia pracovnikov Technickej univerzity
v Grazi [5].

Pracovnici Technickej univerzity v Grazi vypracovali na zaklade
testovania dopravy vo vopred zvolenej oblasti mesta studiu, v ktorej
vyhodnotili spotrebu pohonnych hmét a vznik plynnych emisii od
dopravy v neregulovane;j oblasti, pri zavedeni obmedzenej rychlosti
na 30 km.h ! a pri rychlosti 50 km.h ™' v tej istej oblasti.

Sledované boli emisie oxidov dusika NO,, oxid uhol'naty CO,
produkcia nespalenych uhlovodikov C,H, (resp. HC), spotreba
pohonnych hmét a cestovna rychlost. Uvedené faktory boli sledo-
vané a prepocitavané na tzv. jednotkové osobné vozidlo, ktoré
vychadza zo zlozenia dopravného prudu zo 67 % vozidiel s benzi-
novym motorom (zazihovym) bez katalyzatora, 21 % vozidiel s ben-
zinovym motorom s katalyzatorom a 12 % vozidiel s dieselovym
motorom (vznetovym).

CO [mg/s}

ol
e
SIS
5

S :‘. Pt
e
oI

Obr. 11 Produkcia oxidu uholnatého CO
pre uvazZované jednotkové vozidlo
Fig. 11 CO production per PCU

Vzhladom k zavislosti na praci motora, ktora tizko suvisi s pro-
filom komunikacie, s miestom pred a za krizovatkou resp. medzi

Obr. 10 Vplyv pozdizneho sklonu komunikdcie
Fig. 10 Effect of the slope

Effect of Traffic Regulation on Emission Production

When enhancing the environment in urban agglomerations,
preventive approach to problem solving plays a significant role.
Traffic is a problem of every city nowadays. One of the examples
how to solve this problem in terms of air pollution caused by traffic
is a large study of the Technical University of Graz. [5]

Research workers from the TU Graz worked out a study based
on testing the traffic in previously selected parts of the town, where
they evaluated fuel consumption and emissions coming from traffic
in an uncontrolled zone, when the speed was limited to 30 km/h
and 50 km/h within the same zone.

Emissions of NO, nitrogen oxides, carbon monoxide CO, pro-
duction of non-combusted hydrocarbons C,H, (or HC), fuel con-
sumption and traveling speed were monitored. These factors were
calculated per passenger car unit (PCU), which is based on the
traffic flow composition, where 67 % are the vehicles with gasoline
engines (petrol engine) without catalyst, 21 % the gasoline engines
with catalyst and 12 % are the vehicles with diesel engine (oil
engine).

NOImg/s]

Obr. 12 Produkcia oxidov dusika NO,
pre uvazované jednotkové vozidlo
Fig. 12 NO, production per PCU

Because engine work depends on road profile, location in
a place in front of or behind or between crossroads, where con-
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krizovatkami, kde mozno hovorit o konsStantnej rychlosti jazdy,
bola vyhodnotena tvorba emisii jednotkového vozidla (pozri obr.
11 - 14).

Tvorba emisii oxidu uhol'natého je silne zavisla od cestovnej
rychlosti, produkcia uhlovodikov je tiez zavisla od rychlosti, ale pri
oxidoch dusika sa cestovna rychlost pri ich tvorbe neprejavuje.

[OVINIKOCIE

C O MMUNICATION:S

stant driving speed can be presumed, production of the emissions
per a passenger car unit was evaluated (see Figs. 11 - 14).

Production of the carbon monoxide emissions strongly depends
on the traveling speed, production of hydrocarbons depends on
the speed, too, however, the driving speed is not significant for the
production of nitrogen oxides.

Obr. 13 Produkcia uhlovodikov HC
pre uvazované jednotkové vozidlo
Fig. 13 HC production per PCU

5. Matematické modelovanie znecistenia ovzdusia

V prvom priblizeni mdZeme povazovat cestu za linearny zdroj
znecistujucich latok, na ktorom st produkované znecistujuce latky
rozdelené rovnomerne. Existuje niekol'ko principidlne odli§nych
metod matematického modelovania znecistenia ovzdusia z automo-
bilovej dopravy [4, 9, 10]. Struéne popiSeme analyticky model.

Analyticky model - linedrny zdroj

Najjednoduchsi model automobilového znecistenia ovzdusia
je zaloZeny na jednoduchom poloempirickom gaussovskom vztahu
pre distribuciu znecistujucich latok v dymovej vlecke z linearneho
zdroja. Pre prizemnu koncentraciu znecistujucej latky bude platit:

2q
3, 0) = o o B0 7). (1
7 U singo,

kde ¢ je emisia linearneho zdroja v mg.m ™ 's~!, U je rychlost

vetravm.s !, ¢ je uhol medzi smerom vetra a osou komunikacie,
o je empiricky parameter, charakterizujuci rozptyl zne€istujucich
latok vo vertikalnom smere. Funkcia E(y,, y,) vyjadruje vplyv kone¢-
nosti linearneho zdroja na distribuciu koncentracie znecistujicich
latok v okoli koncov komunikacie

P, 1 2
Eov0) = | mexp<—%>dp=erﬂﬂz) —erflp)). ()

kde p; = y,/0,, p; = ¥,/0,, 0, je parameter, charakterizujiici
rozptyl znecistujucich latok v horizontalnom smere.

Pre nekonecny zdroj, pre ktory y, = — =, y, = » bude E(y,,
) =1L

Uvedeny model je velmi jednoduchy, spolahlivy a pouZiva sa
na vypocet znecistenia ovzdusia z automobilovej dopravy nad roz-
siahlou oblastou. Podrobne bol popisany v [6].

Obr. 14 Spotreba pohonnych hmaot
pre uvazované jednotkové vozidlo
Fig. 14 Fuel consumption per PCU

5. Mathematical Modeling of Air Pollution

In the first approximation, a street may be taken as a linear
source of pollutants, where the produced pollutants are distributed
equally. There are several principally different methods of mathe-
matical modeling of air pollution caused by traffic [4, 9, 10]. The
analytical model will be described briefly.

Analytical Model - Linear Source

The easiest model of the air pollution caused by traffic is based
on the elementary semi- empirical Gauss relationship for pollu-
tant distribution in a smoke tow coming from a linear source. The
following will apply for the ground concentration of a pollutant:

2q
C(X,y, O): 2 . 'E(yl’yZ)’ (1)
Vo Usingo,

where ¢ is emission from the linear source (mg.mfl.sfl), Uis
wind velocity (m.s™ 1), @ is the angle between the wind direction
and the road axis, o, is the empirical parameter characterizing ver-
tical dispersion of the pollutants. The E(y,, y,) function expresses
the effect of the linear source finality on the distribution of the
pollutants near the ends of the road.

E(y )_FZ 1 ex _p_z dp = erf(p,) — erfp"), (2)
VAT ), v2_7T p 5 D 7D . s
where p; = y,/0,, p; = ¥,/0,, 0, is the parameter characterizing

horizontal dispersion of the pollutants.

For an unlimited source, where y;, = — %, y, = o, the E(y,,
»,) function will be E(y,, y,) = 1.

The presented model is a simple and reliable one and is used
to compute air pollution caused by traffic over large areas. A detailed
description of this model is in [6].
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Popis programu pre modelovanie produkcie emisii

Matematické modelovanie sa vykonava na zaklade dopravnej
progndzy. Trasa komunikacie musi byt umiestnena do stiradnico-
vého systému. Studované uzemie okolo trasy alebo objektu sa rozdeli
na siet bodov so vzajomnou vzdialenostou 10 az 100 m, podla vel-
kosti uzemia pre ktoré sa vypocitava produkcia emisii a koncen-
tracie oxidov dusika.

Predpoklady a neurcitosti modelového vypoctu

« odhadovana priemerna rychlost dopravného prudu,

« §pecifické emisie automobilov st uvazované pre vseobecné zlo-
Zenie dopravného prudu pre sicasnu intenzitu dopravy a vyhlad
na dalsie roky,

« veterné pomery o prevladajucom smere vetra vychadzaju z prie-
mernych udajov podla dlhodobého sledovania SHMU, priemerna
rychlost vetra je urena zo vSetkych merani vratane bezvetria,

« uvazuje sa s najnepriaznivejSou stabilitou ovzdusia, kedy docha-
dza k najsilnejSej zatazi dychacej zony.

Vstupné tidaje modelovania

V numerickom modeli pre modelovanie emisii od mobilnych

zdrojov su zohladnené:

- emisné faktory pre sicasny a buduci vozidlovy park,

- objem dopravy a jej zlozenie podla druhov vozidiel,

- pozdizny sklon komunikacie,

- mestsky resp. mimomestsky rezim dopravy (plynulost jazdy vo-
zidla, zastavba v okoli cesty),

- Casovy interval hodnotenia produkcie emisii,

- rychlost jazdy vozidla,

- poveternostné podmienky (smer a rychlost vetra),

- klimatické podmienky (podla Pasquill-Giffordovskych kategorii
stability).

Vystupy programového riesSenia

« vypocet celkovej produkcie §kodlivin do vol'nej atmosféry (kg/
den),
« vypocet koncentracie $kodliviny v ovzdusi (p,g.mf3 ).

Najvyznamnejsim vstupnym udajom vsetkych matematickych
modelov zneéistenia ovzdusia je emisia zdroja Q. Ako je vidiet,
napr. zo vzfahu (1) je koncentracia znecistujicej latky priamo-
umerna emisii zdroja. Emisiu komunikacie nie je mozno merat
priamo, ako je to napriklad pri stacionarnych zdrojoch. Pocitame
ju na zaklade znalosti emisie automobilov, ktoré prejdi komuni-
kaciou, podla vztahu

PO - EMO + PN - EMN

0= 3600 T- S : ()

Description of the Program for the Emission
Production Modeling

Mathematical modeling is done on the basis of a traffic prog-
nosis. Horizontal alignment of the road must be placed into a system
of coordinates. The studied area around the road or the object is
fit into the grid of the size of 10 or 100 meters between the points,
according to the size of the area, for which the emission produc-
tion and nitrogen oxides concentration are calculated.

Assumptions and Indefinite Aspects of the Model Calculation

« Estimated average speed of the traffic flow,

« Specific emissions are considered for general composition of the
traffic flow, for the current traffic volume and the prospective
for the next years,

« Windy conditions related to the dominant wind direction are
based on the average data from long-term monitoring of SHMU
(Slovak Institute of Hydro-Meteorology), the average wind veloc-
ity is determined from all the measurements, including dol-
drums,

« The most unfavorable air stability is assumed, when there are
the highest demands on the breathing zone.

Modeling Input Data

In a numerical model for modeling the emissions coming from
mobile sources, the following is considered:
- Emission factors for the current and future fleet,
- Traffic volume and its composition according to a vehicle type,
- Longitudinal gradient of the road,
- Urban or rural traffic mode (driving fluency, buildings along
the road),
- Period of the evaluation of emission production,
- Driving speed,
- Meteorological conditions (direction and velocity of the wind),
- Climatic conditions (according to Pasquill-Gifford categories of
stability).

Modeling Output Data

« Calculation of the overall production of the pollutants into the
atmosphere (kg/day),

« Calculation of the concentration of the pollutants in the atmos-
phere (ug.m ™).

The most significant input data for any mathematical model of
air pollution is the source of an emission. For example, in formula
(1) the concentration of the pollutant is directly proportional to
the source of the emission. Emission of the road cannot be measured
directly as it is in the case of a stationary source. The calculation
is based on knowing the emissions coming from the vehicles running
through the road according to the following relationship:

PO - EMO + PN - EMN

0= 3600 T-S : )
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kde PO, PN - pocet osobnych, resp. nakladnych vozidiel za ¢as T,
EMO, EMN st emisné faktory pre osobné, resp. nakladné auto-
mobily v mg.m ™!, S je sirka komunikacie v m.

I ked vieme stanovit PO, PN s vysokou presnostou, je prakticky
nemozné stanovif presne emisné faktory EMO a EMN. Mozeme
predpokladat, Ze prakticky kazdé vozidlo ma inu emisiu znecistu-
jucich latok i v pripade, ak ide o ten isty typ vozidla. Vozidla sa
mozZu navzajom liSif zatazenostou, technikou jazdy, rychlostou
a nastavenim motora. V slovenskej vypoctovej metodike su vsetky
osobné a nakladné vozidla charakterizované jedinym priemernym
emisnym faktorom EMO a EMN.

6. Vyuzitie modelu v praxi

Ako priklad uvadzame modelovanie znecistenia ovzdusia od
dopravy v meste Zilina.

Mesto Zilina ma rozlohu 8 652 ha a 88 tisic obyvatelov [2].
Okres Zilina ma hustotu cestnej siete 0,378 km/km?, resp. 2 km/
1000 obyvatelov podla udajov Slovenskej spravy ciest - Cestnej
databanky.

Zakladny komunikacny systém mesta je radialno-okruzny. Je
vytvoreny z 3 mestskych okruhov, radialy tvoria cesty I. a II. triedy
a mestské komunikacie.

Matematické modelovanie je vykonané na zaklade dopravnej
progndzy pre sledované tizemie mesta. Prognoza sucasného stavu
vychadza z celoStatneho scitania dopravy v roku 1995 a 2000.
Dalsie udaje o intenzite dopravy su prevzaté z dopravno-inZinier-
skych podkladov, ktoré sa spracovavali v rdmci pripravy trasy dial-
nice D1 a D18 v okoli Ziliny [3]. Hodnoty intenzit pre rok 2015
su odvodené prepoctom hodnot ziskanych z celostatneho scitania
dopravy pomocou vyhladovych koeficientov.

Studované tizemie komunikaéného systému mesta bolo rozde-
lené na siet bodov so vzajomnou vzdialenostou 100 m, pre ktoré
boli modelované koncentracie oxidov dusika.

Predpoklady a neurcitosti modelového vypoctu

« priemerna rychlost dopravného pridu v meste bola uvaZzovana
50 km/h,

« uvazované Specifické emisie automobilov st uvedené v tab. 2,

o priemerna Castost smerov vetra bola dlhodobo sledovana na
letisku v Dolnom Hricove, priemerna rychlost vetra je urena
zo vsetkych merani vratane bezvetria a je uvedena v tab. 3,

KOMNIKOCIe
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where PO, PN - the number of passenger cars and/or trucks in the
period T; EMO, EMN are emission factors for passenger cars
and/or trucks in [mg.m ™ ']. S is the road width in m.

Although we can determine the PO and PN with high accu-
racy, it is practically impossible to determine the exact emission
factors for EMO and EMN. We can assume that every vehicle has
got different emissions of pollutants, even if these are the vehicles
of the same type. Vehicles can differ in load, driving technique,
speed and engine setting. In the Slovak calculation methodology,
every passenger car and every truck is characterized by the only
one average emission factor EMO and EMN.

6. Utilisation of the Model in Practice

As an example, the modeling of the air pollution caused by
the traffic in the city of Zilina is presented.

The area of Zilina is 8,652 ha and the city has got 88,000
inhabitants [2]. Road density of the Zilina district is 0.378 km/h?,
or 2 km/1000 inhabitants according to the data from the Slovak
Road Administration - the Road Databank.

The basic road network of the city is a radial-circular one. It
is made of 3 urban circles; the radials are the I. and II. class roads
and urban communications.

Mathematical modeling is done on the basis of a traffic prog-
nosis for the monitored area. The prognosis of the present state is
based on the national traffic census from 1995 and 2000. Further
data on traffic volume are taken from traffic-engineering materi-
als, which have been processed for the project of the D1 and D18
highway around Zilina. The values for traffic volume for 2015 are
derived from the conversion of the values obtained in the national
traffic census using the prognosis coefficients.

The communication system of the city was fitted to a grid
with the point interval of 100 m, where concentrations of nitrogen
oxides were modeled.

Assumptions and Indefinite Aspects of the Model Calculation

« Average speed of the traffic flow in the town was considered to
be 50 km/h,

« Considered specific vehicle emissions are given in Table 2,

« Average frequency of wind direction was used from long term
monitoring in the Dolny Hricov airport, average wind velocity
is estimated from all the measurements, including doldrums and
it is presented in Table 3.

Specifické emisie automobilov Tab. 2 Specific vehicle emissions Table 2
Emisny faktor [g.km ™! Emission factor
v v
Rok (kmh~'] Cco NO, Year [kmh ] Cco NO,
08. nakl. 0. nakl. passanger car| truck | passanger car| truck
50 17,0 13,0 1,5 9,0 50 17.0 13.0 L5 9.0
2000 80 8,0 7,0 1,8 8,0 2000 80 8.0 7.0 1.8 8.0
50 3,7 6,6 0,7 73 50 3.7 6.6 0.7 7.3
2015 80 2,2 2,8 0,9 6,8 2015 80 22 2.8 0.9 6.8
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Priemerna Castost smerov vetrov za rok v % Tab. 3 Average frequency of wind direction in one year [%] Table 3
Stanica S SV VI|IV]| T |JZ| Z | SZ| Rych. vetra Station N [NE| E [SE| S |SW| W [NW| Wind veloc.
Dolny Hricov| 14,9( 10,4] 9,7 | 11,1 13,4] 13,9]13,1| 13,5 0,9 m/s Dolny Hricov|14.9(10.4] 9.7 | 11.1|13.4| 13.9[ 13.1| 13.5] 0.9 m/s

Ocakavané vplyvy dopravy v meste

Pri modelovani znecistenia ovzdusia boli posudzované mnoz-
stva celkovej produkcie znecistujucich latok do ovzdusia (t/rok)
od celodennej 24-hodinovej dopravy, taktiez boli porovnavané kon-
centracie oxidov dusika NO, ( ,LLg/m3 ) na jednotlivych najviac zata-
Zenych tusekoch komunikaéného systému mesta, vznikajice od
priemernej dennej intenzity dopravy a boli porovnané s pripustnou
priemernou dennou koncentraciou NO,, ktora je 100 p,g/m3.

Na zaklade matematického modelovania [8] pre roky 2000
a 2015 bolo, zistené, 7e v meste Zilina sa od automobilovej dopravy
pre rok 2000 vyprodukovalo v priemere 660,01 kg NO, za den, o je
v prepocte 240 t/rok. Z toho 132,9 t/rok (55 %) vyprodukovala osob-
na doprava. Pre rok 2015 sa predpoklada, Ze automobilova doprava
vyprodukuje 575,45kg NO, za den, ¢o je v prepocte 210 t/rok.
Z toho 107 t/rok (51 %) vyprodukuje osobna doprava. Maximalna
predpokladana dennd koncentracia NO, v roku 2015 by po dobu-
dovani planovanych komunikacii nemala prekro¢it 15 Mg/m3.
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Obr. 15 Zndzornenie priemernej dennej koncentrdcie NO,
v meste Zilina pre rok 2000
Fig. 15 Average daily concentrations of NO, in Zilina in 2000

7. Zaver

Ukazkou vysledkov pomocou matematického modelu chceme
naznacit Siroké moznosti vyuzitia.

V prispevku nie je priestor na prezentovanie celej Sirky ziska-
nych udajov z alternativnych rieSeni modelu.

Kvalita a Cistota ovzdusSia sa stali vaZnym problémom pri navr-
hovani dopravnych sieti v regionoch i mimo nich, pri organizovani
dopravy aj uzemnom planovani.

Expected Effects of the Traffic in the City

In the air pollution modeling, the amounts of the total pro-
duction of pollutants into the air (t/year) were evaluated as based
on the all-day long 24-hour traffic, and concentrations of nitrogen
oxides NO, (mg/m~?) at the sections with the highest traffic
volumes that originate from the average daily traffic were compared
and these were compared to the permitted daily concentration of
NOX, which is 100 ug/m~>.

Based on the mathematical modeling [8] for 2000 and 2015,
it was found out that in the city of Zilina the traffic produced
660.01 kg of NO, per day in 2000, equal to 240 t/year. Out of this
volume 132.9 t/year (55 %) was produced by individual traffic. In
2015 it is expected that vehicles will produce 575.45 kg of NO, per
day, what equals to 210 t/year. Out of this volume 107 t/year (51 %)
will be produced by individual traffic. Maximal assumed daily
concentration of NO, in 2015 after the planned communications

are constructed should not exceed 15 ug/m>.
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Obr. 16 Zndzornenie priemernej dennej koncentrdcie NO,
v meste Zilina pre rok 2015
Fig. 16 Average daily concentrations of NO,. in Zilina in 2015

7. Conclusion

The demonstration of the results obtained through the math-
ematical model is meant to indicate a wide range of its utilization.
The length of the article does not allow us to present the whole
scope of the data acquired from alternative model solutions.

Quality and cleanliness of the air have become a serious
problem in projecting transport networks within and beyond regions,
in transport organization and territorial planning.
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Metody matematického modelovania v sulade s dopravnymi
progndzami s vel mi i€innym nastrojom v tomto procese a v pro-
cese hodnotenia vplyvov na zivotné prostredie.

Imisna Studia by preto mala byt sucastou nielen projektovej
dokumentacie cestnych komunikacii na urovni variantného roz-
hodovania o vybere vhodného umiestnenia cestnych tahov, ale aj
neoddelitelnou sucastou rozhodovacich procesov na urovni regio-
nalneho rieSenia dopravnych problémov. Aby splnila svoj ucel, mala
by obsahovat modelovanie tvorby imisii z automobilovej dopravy
v takom rozsahu, aby bolo mozné porovnavat rézne varianty riese-
nia a posudit prinosy alebo rizika, ktoré do regioénu prinesu.
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Methods of mathematical modeling, in accordance with traffic
prognoses, are a very effective tool in this process and in the
process of evaluation of the effects on the environment.

An emission study should therefore form a part not only of
aroad project documentation at the level of variant decision-making
about choosing a suitable location for road routes, but it should also
be an inseparable part of a decision-making processes at the level
of finding regional solution for problems with traffic. In order to
achieve this aim, the study should comprise a model of emission
production coming from automobile traffic to such extent that it
would be possible to compare various alternatives to the solution
and to evaluate the benefits or the risks brought about into the
region.
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