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Vehicles activity contribute significantly to NOx emission. Numerous mathematical models performing 

emission assessment of road-related pollutants were developed. These traffic emission models are character-

ized by emission factors (EF), which quantify the amount of the emitted pollutant. A comprehensive emission 

model for the calculation of the EF for Czech fleet composition is used. Emission factors were calculated with 

the emission model MEFA 13. Here, we present a comparison of NOx emission calculations in MEFA 13 model 

and NOx tunnel measurements. Simultaneous measurements of NOx concentration and traffic activity counting 

were performed in short tunnel (Zelený most), in the Czech Republic. Emission factors for road transport de-

rived from the Czech emission model MEFA 13 were applied. 
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1. Introduction 

The combustion of fossil fuels by vehicles is one of 

the most significant sources of primary air pollutants. 

Traffic-related air pollutant exposures results with ad-

verse effects on human health and on the environment [1, 

2]. These pollutants include nitrogen oxides (NOx), par-

ticulate matter (PM), carbon monoxide (CO), volatile or-

ganic compounds (VOC), sulfur dioxide (SO2). Nitrogen 

oxides, expressed as the total sum of nitric oxide and ni-

trogen dioxide, have an important role in the atmospheric 

chemistry [3]. Included in various complex reactions in 

the lower layer of the atmosphere, NOx are precursors of 

the tropospheric ozone formation, secondary particulate 

matter, acid rain and, photochemical smog [4-10]. In ur-

ban areas where intensive traffic occurs, the concentra-

tion levels of NOx are increased. The average concentra-

tion level depends on the meteorological conditions, 

wind direction but most dominantly on the distance from 

the source, e.g. highways [11].  

Due to the increased interest in air quality, emission 

monitoring has been more required in the recent years. 

Most studies which are focused on air quality and pollu-

tants emission, deal with mobile emission sources. 

Therefore, numerous mathematical programs have been 

developed to model the emission of traffic-related pollu-

tants. Based on the implementation of specific parame-

ters, emission models are used to estimate pollutant emis-

sions. For the calculations of the road traffic emission, 

implementation of vehicle and fuel types, frequency of 

individual vehicle types, fuel consumption, driving pat-

tern and average traveling speed is needed [12, 13].  

Emission models use emission factors (EF) to de-

scribe the amount of emitted air pollutants. Emission fac-

tors for road traffic emission modeling express the emit-

ted mass (g) of particular pollutant per driven distance 

(km) of a vehicle [14]. EF are calculated by emission 

models which use aggregated data based on legislative 

conditions and emission measurements of single vehicles 

[15]. These measurements of a large sample of different 

types of vehicles are usually performed in laboratory con-

ditions. Hence, some emission models also include real 

on-road driving measurements based on different driving 

and road conditions [16].  

During the past few decades many mathematical 

emission models were developed in several European 

countries, the United States and Canada. Among them is 

the Czech emission model MEFA based on emission data 

measurements characteristic for the traffic representa-

tives in the Czech Republic.  

The best approach to estimate the real traffic emis-

sion is to perform real air pollutant emission measure-

ments and compare with modeled emission factors. In 

this paper, we compare the results of NOx emission from 

tunnel measurements in Czech Republic with road traffic 

emission model MEFA 13.    

 

2. Experiment 

2.1. Modeling of the EF with the traffic emission 

model MEFA 

The emission model MEFA (MEFA 02) was created 

by a team of employees from the University of Chemistry 

and Technology of Prague, ATEM, and DINPROJEKT. 

The model calculates the emission factors of traffic-re-

lated pollutants for each vehicle type with vehicles char-

acterization as fuel type and emission standards. MEFA 

model makes it possible to calculate the total mass flow 

of particular air pollutant in a given section of the road. 

The updated model MEFA 13 is actual from year 2013. 

It includes calculations of emissions during cold start-

ups, emissions from dust resuspension on the road with 
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an implementation of climate data, emissions from tire 

and brake wear and future traffic emissions until 2040. 

Due to the technical development of vehicles, in this 

model are included vehicles complying with Euro 5 and 

Euro 6 emission regulations [17]. In addition, the updated 

version of the MEFA model includes the participation of 

heavy-duty vehicles, expressed as a percentage, for the 

calculation of EF for heavy-duty vehicles. 

To calculate the emission factors of motor vehicles 

in a given road section, the following input parameters 

must be entered: 

 selection of years for which the EF are calculated, 

 vehicle category (light-duty vehicles LDV, heavy-

duty vehicles HDV and buses), 

 vehicle characterization (fuel type: gasoline, diesel, 

LPG and CNG, emission standards: Euro 1/I to Euro 

6/VI including vehicles produced before 1992), 

 characteristics of traffic conditions (level of traffic 

flow in a range from 1 to 10 and road gradient in a 

range from -10 % to +10 %) and 

 speed limit (max. 130 km/h). 

 

 

Fig. 1 Overview of the emission model MEFA 13 

 

2.2. Tunnel measurements and sampling site 

In order to determine the impact of the traffic inten-

sity on NOx concentration level in the air, NOx concen-

tration measurements should be provided in the vicinity 

of highways. For the purpose of this study, the sampling 

location was chosen to be a tunnel (Zelený most). The 

advantage of tunnel measurements is the tunnel structure 

that limits the air circulation and meteorological effects 

can be excluded. The tunnel is located in Pardubice re-

gion on highway D11 in Czech Republic. Zelený most is 

one bore tunnel with two lanes of traffic in each direction 

(Fig. 2). The concentration of NO, NO2 and the summary 

NOx was measured with the Horiba APNA-360 Nitrogen 

Oxide Analyzer based on chemiluminiscence principle. 

 

 

 

Fig. 2 Sampling site on highway D11, Zelený most 

 The analyzer gives continuous on-line data on con-

centration level with synchronic and separate measure-

ments of NO, NO2 and NOx [18]. The sampled air was 

drawn to the analyzer through a probe positioned in the 

middle of the highway. 

To be able to determine the mutual correlation of the 

NOx concentration level in the tunnel and the vehicles 

that pass in that section, vehicle counting is required. The 

passing vehicles were divided in two categories: light ve-

hicles (cars and vans) and heavy-duty vehicles (trucks 

and buses). The total number of vehicles was calculated 

in 9 minute intervals. 

 

3. Results and discussions 

3.1. Emission factors for NOx 

The emission factors for nitrogen oxides were cal-

culated in MEFA 13 emission program. The input param-

eters for the calculation of EF for individual vehicles are 

shown in Tab 1. The vehicle types are selected in two 

categories, LDV and HDV. In the first category, passen-

ger cars and light vehicles are comprised. While the HDV 

category counts for heavy-duty vehicles and buses. 

The EF are calculated for road gradient 0 % corre-

sponding to the real tunnel gradient where the vehicle 

speed limit is 130 km/h for LDV and 100 km/h for HDV. 

The modeled emission factors for NOx have different val-

ues, listed in Tab. 2 and Tab. 3, depending on the vehi-

cle’s fuel type and the emission standard.   
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Tab. 1 Input parameters for the calculation of EF in 

MEFA 13 

Input parameters 
Calculation of emissions 

for individual vehicles 

Selection of year 2017 

Selection of pollutant NOx 

Vehicle category LDV HDV 

Vehicle characteriza-

tion (fuel type) 

Gasoline 

Diesel 
Diesel 

LPG 

CNG 

Vehicle characteriza-

tion (emission stand-

ards) 

pre-1992 pre-1992 

Euro 1 Euro I 

Euro 2  Euro II 

Euro 3   Euro III 

Euro 4   Euro IV 

Euro 5  Euro V 

Euro 6   Euro VI 

Level of traffic flow 1 (free flow) 

Road gradient 0 % 

Speed limit 130 km/h 100 km/h 

 

Additionally, the average mean values of the emis-

sion factors are calculated due to the unknown vehicle 

mix in the tunnel section (Tab. 2, Tab. 3). Therefore, 

EFaverage is the average value of the EF for emission reg-

ulations Euro 1/I to Euro 6/VI. Whilst, EFt.average is the 

average value of the EF for emission regulations Euro 1/I 

to Euro 6/VI, including the pre-1992 vehicle emission 

level. 

 

3.2. NOx emission from tunnel measurements 

The measurements of NOx concentration were per-

formed on May 4, 2017, in the short tunnel-Zelený most.  

The measurements were carried on for four hours. To 

specify the sampling point, the NOx concentration was 

measured at different heights of the tunnel. The sampling 

point was chosen to be in the position where the highest 

concentration of NOx was detected. The highest concen-

tration was detected at 2 m above the ground level. The 

height dependency of NOx mass concentration is de-

picted in Fig. 3.  

In Fig. 4 the mass concentration progress for the an-

alyzed compounds i.e. NO, NO2, NOx in 3 minute inter-

vals is shown. Additionally, for the comparison of the 

NOx concentration level on the road and in the near sur-

rounding air, the background mass concentration of NOx 

was determined in 100 m distance northern from the sam-

pling site. The resulting values were almost stable and the 

mean mass concentration of NO, NO2 and NOx were 18.2 

µg/m3, 51.4 µg/m3, 79.3 µg/m3, respectively. 

The variations of the traffic activities, for each of the 

vehicle categories counted simultaneously with the NOx 

concentration measurements, are shown in Fig. 5. 

 

Tab. 2 NOx emission factors for LDV calculated with 

MEFA 13  

LDV 

Fuel type 
Emission 

standard 

Emission Factor 

(g/km) 

Gasoline 

pre-1992 8.4209 

Euro 1 2.3641 

Euro 2 1.0220 

Euro 3 0.6581 

Euro 4 0.4372 

Euro 5 0.3435 

Euro 6 0.2536 

Diesel 

pre-1992 1.9272 

Euro 1 1.3374 

Euro 2 0.7835 

Euro 3 0.4797 

Euro 4 0.3042 

Euro 5 0.2871 

Euro 6 0.1038 

LPG 

pre-1992 2.2777 

Euro 1 0.5283 

Euro 2 0.2284 

Euro 3 0.1471 

Euro 4 0.0977 

CNG 

Euro 2 0.2284 

Euro 3 0.1471 

Euro 4 0.0977 

EFaverage= 0.5184 

EFt.average= 1.0216 

 

Tab. 3 NOx emission factors for HDV calculated with 

MEFA 13 

HDV 

Fuel type 
Emission stan-

dard 

Emission Factor 

(g/km) 

Diesel 

pre-1992 12.5658 

Euro 1 7.7655 

Euro 2 5.9071 

Euro 3 0.6564 

Euro 4 0.3705 

Euro 5 0.1478 

Euro 6 0.0818 

EFaverage= 2.4881 

EFt.average= 3.9278 

 

Simultaneous measurements were performed that 

obtained NOx mass concentration detection and calcula-

tion of the number of passing vehicles. In Fig. 6 the cor-

relation of the NOx mass concentration and the total num-

ber of passing vehicles (LDV and HDV) is shown. The 
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correlation coefficient between the two variables is 

0.405. 

 

 
Fig. 3 Height dependency of NOx mass concentra-

tion measured in the tunnel above the ground level 

 

 

Fig. 4 Evolution of the NO, NO2 and NOx mass concen-

tration measured in 3 minute intervals (May 4, 2017) 

3.3. Comparison of the modeled and measured NOx 

emission 

In order to compare modeled and measured emis-

sion, the model has to contain information which is 

adaptable to real driving scenarios. Hence, these data 

have to be used and implemented for the calculation of 

the EF.  

The measured data correspond with the selection of 

parameters in the MEFA 13 model. Therefore, the results 

of the emission factors and the tunnel measurements, 

were compared. The correlation of the calculated NOx 

mass from the measured NOx concentration and the num-

ber of LDV passing through the chosen section is shown 

in Fig. 7. Additionally, in Fig. 7 the values of the calcu-

lated NOx mass by the modeled EFaverage and EFt. average 

are depicted. The NOx mass was calculated from the tun-

nel’s dimensions and the measured NOx mass concentra-

tion. 

In Fig. 8 the correlation of the measured NOx mass 

and the number of passing HDV is depicted.  

 

 

Fig. 5 Total number of all vehicles categories counted in 

9 minute intervals (May 4, 2017) 

 

Fig. 6 Correlation of the NOx mass concentration and 

the total number of passing vehicles (May 4, 2017) 

 

 

Fig. 7 Correlation of the NOx mass and the number of 

passing light-duty vehicles (May 4, 2017) 

Additionally, in Fig. 8 the values of the calculated 

NOx mass by the modeled EFaverage and EFt. average for 

HDV category, are depicted. 
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Fig. 8 Correlation of the NOx mass and the number of 

passing heavy-duty vehicles (May 4, 2017)  

4. Conclusion 

Emission factors from road traffic emission model 

MEFA 13 were calculated for Czech fleet composition 

and road driving conditions on D11 highway. Addition-

ally, the average mean values of the emission factors 

were calculated due to the unknown vehicle mix in the 

sample section. The tunnel measurements have shown a 

positive linear correlation with a correlation coefficient 

of 0.405 between the NOx concentration level and the 

number of passing vehicles. Modeled NOx emissions for 

LDV and HDV were compared with NOx tunnel meas-

urements in Zelený most. 

The results obtained by the MEFA 13 model for 

light-duty vehicles are significantly different from the 

tunnel measurement results. The NOx mass calculated by 

the emission factors for LDV showed an overestimation 

for the EFaverage and considerable overestimation for the 

average EF including the pre-1992 light-duty vehicles. 

Thus, in general, the real LDV fleet seems to be cleaner 

than the Czech fleet assumed in the MEFA 13. It follows 

that average emission factors cannot be taken into con-

sideration for calculations of NOx emission from light-

duty vehicles. 

The results derived from the EFaverage of NOx for 

heavy-duty vehicles are in good agreement with the tun-

nel results. However, the comparison of measured and 

calculated NOx mass including the pre-1992 HDV, re-

sulted with overestimation of calculated NOx mass with 

the EFt. average. This can be explained by the technical con-

dition (age) of the HDV representatives in the fleet mix-

ture. But also the fact that heavy-duty vehicles make a 

small contribution with only 9 % of the total number of 

vehicles must be taken into account. 

The results of the comparison of the emission model 

MEFA 13 with the tunnel measurements showed that un-

certainties are existing when average EF for NOx emis-

sion calculation are used. This method is not applicable 

due to the large number of non-identified vehicles that 

influence the EF calculations. This study suggests further 

traffic measurements and comparisons with emission 

modeling. 

 

Acknowledgment  

The presented work was financially supported by 

IGA VŠCHT (A2_FTOP_2017_030). 

 

Literature 

 

1. Atkinson, R., Atmospheric chemistry of VOCs and 

NOx. Atmospheric Environment, 2000. 34(12–14): p. 

2063-2101. 

2. Leighton, P.A., Photochemistry of Air Pollution. 

1961: ACADEMIC PRESS, INC. . 293. 

3. Prather M., Ehhat D., Dentener F., Derwent R., 

Dlugokencky E., Holland E., Isaksen I., Katima J., 

Kirchhoff V., Matson P., Midgley P., Wang M., 

Berntsen T., Bey I., Brasseur G., Buja L., Pitari G., et 

al., Chapter 4: Atmospheric Chemistry and 

Greenhouse Gases, in IPCC, Climate Change 2001: 

Third Assessment Report, J.F.M. M., Editor. 2001, 

Cambridge University Press: Cambridge. p. 239-287. 

4. Manahan S. and S.E. Manahan, Environmental 

Chemistry, Ninth Edition. 2009: CRC Press. 

5. Menz Fredric C. and Seip Hans M., Acid rain in 

Europe and the United States: an update. 

Environmental Science & Policy, 2004. 7(4): p. 253-

265. 

6. Seinfeld J.H. and Pandis S.N., Atmospheric 

Chemistry and Physics: From Air Pollution to 

Climate Change. 2016: Wiley. 

7. Wallace, J. and Kanaroglou P., Modeling NOx and 

NO2 emissions from mobile sources: A case study for 

Hamilton, Ontario, Canada. Transportation Research 

Part D: Transport and Environment, 2008. 13(5): p. 

323-333. 

8. Hassan, I.A., Basahi J. M., Ismail I. M., Habeebullah 

T. M., Spatial distribution and temporal variation in 

ambient ozone and its associated NOx in the 

atmosphere of Jeddah City, Saudi Arabia. Aerosol Air 

Qual. Res, 2013. 13: p. 1712-1722. 

9. Lal S. and Patil R.S., Monitoring of Atmospheric 

Behaviour of NOx from Vehicular Traffic. 

Environmental Monitoring and Assessment, 2001. 

68(1): p. 37-50. 

10. Han, S., Bian H., Feng Y., Liu A., Li X., Zeng F., 

Zhang X., Analysis of the Relationship between O3, 

NO and NO2 in Tianjin, China. Aerosol Air Qual. 

Res, 2011. 11(2): p. 128-139. 

11. Last A. J., Sun W., Witschi H., Ozone, NO and NO2: 

Oxidant Air Pollutants and More. Environmental 

Health Perspectives, 1994: p. 179-184. 

12. Smit R., Ntziachristos L., Boulter P., Validation of 

road vehicle and traffic emission models – A review 

and meta-analysis. Atmospheric Environment, 2010. 

44(25): p. 2943-2953. 

13. Staehelin J., Keller C., Stahel W. A., Schläpfer K., 

Steinemann U., Bürgin T., Schneider S., Modelling 

emission factors of road traffic from a tunnel study. 

Environmetrics, 1997. 8(3): p. 219-239. 

0

2

4

6

8

10

12

10 20 30

N
O

x
 m

as
s 

(g
)

Number of vehicles

HDV

m(NOx)

measure

d

m(NOx)

EF

average



PALIVA 10 (2018), 2, S. 49 - 54 Comparison of NOx emissions calculated using road traffic emission model (MEFA) 

with emissions derived from tunnel measurements in Czech Republic 

54 

14. Franco V., Kousoulidou M., Muntean M., 

Ntziachristos L., Road vehicle emission factors 

development: A review. Atmospheric Environment, 

2013. 70(84-97). 

15. Skácel F., Tekáč V., Emise z motorových vozidel - 

porovnání současných evropských modelů. Paliva 6, 

2014(1): p. 24-28. 

16. John C., Friedrich R., Staehelin J., Schläpfer K., 

Stahel W. A., Comparison of emission factors for 

road traffic from a tunnel study (Gubrist tunnel, 

Switzerland) and from emission modeling. 

Atmospheric Environment, 1999. 33(20): p. 3367-

3376. 

17. ATEM, Atelier Ekologických modelů, MEFA 13, 

Uživatelská příručka. 2013. p. 51. 

18. Kato J., Yoneda A., Air Pollution Monitoring 

Systems AP-360 Series Readout HORIBA Technical 

Reports. 1997: p. 29-33. 

 


