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Meteorological data 

Backtrajectories Back Track 

Measured 

concentration 

Fig. 4. Modular diagram of the BackTrack model 

Planetary Boundary Layer Model 
For modeling of the pollutant transport in the atmosphere and air pollutant concentrations 
VLSTRACK uses the following parameters: three-dimensional wind field, friction velo­ 
city, Monin-Obukhov length, mixing layer height. 

In order to obtain the above mentioned data various meteorological models such as 
MMS, CO AMPS, OMEGA and HIRLAM can be used. The operating version of SINZaP 
uses the meteorological parameters from HIRLAM model [9, 18, 2 I] . 

Dispatches containing: 36-hour forecasts of the temperature, wind velocity and di­ 
rection (at the altitude: IO, 30, 90,165,250,350,460, 740, 1360 and 1860 m above the 
ground), Monin-Obukhov length, hourly rainfall , mixing layer height, fr iction velocity 
and long as well as short-term radiation intensity, are sent between 4-5 and I 6--17 o'clock 
UTC by the Finnish Meteorological Institute. The data are stored temporarily in the se­ 
rver from which the data scanner sends them to a database that verifies the fi les. 

SINZaP additionall y utilizes public domain meteorological data from the aviation 
meteorological reports METAR. Every 15 minutes the scanner retrieves meteorological 
reports from http://weather.noaa.gov/pub/data/observations/metar/stations/. 

In the Silesian region and its neighborhood there are 12 meteorological stations 
which provide METAR reports. 

Web Server 
In order to enable a direct access to the data generated by SINZaP, an Internet server has 
been set up (link by IETU homepage - http://www.ietu.katowice.pl). Current information 
on monitoring stations and the results of pollution concentrations modeling are made 
available here to the interested parties. The server also provides 24-hour forecasts of air 
pollution concentrations. 

BACKTRACK MODEL 

BackTrack is a software for modeling of air pollution concentrations at a given time and 
place, based on VLSTRACK model [20]. For operation it requires information about 
meteorological conditions, emission sources from the monitored area and the air quality 
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Fig. 5. Distribution of the monthly traffi c emission in annual emission from traffi c 

The standard deviations of the turbulence horizontal fluctuations of wind represen­ 
ted by a,,, av are functions of the fr iction velocity u, 

(4) 

where 

b = (12-zb I L/2)113 

b =2.1 

L<O, 

L"?SJ, 

The fluctuations of the vertical constituent w of wind a., are expressed as follows: 

6 w= 1.3- w. (5) 
where: 

w, =u, ·(1-3-zb I Lt3 

w. =u. 

L<O, 

L'?SJ, 

The wind fluctuations disperse the cloud of pollutants released to atmosphere at the 
time 10. The centre of the cloud moves along the trajectory x(t) = (x(t), y(t), z(t)), t > t

0
. 

At the same time the cloud disperses. Let's assume that the concentration of pollution has 
3-dimentional Gaussian distribution: 

(z-z(1))2 ~ (z-z(1)))2 

I e- 2a,(1J' --~=e- 2a,<1J' 1 e- 2a,u>' 
a ,(t).fin a /t)-fiic c ,(t)-/iic 

at the point x(t) = (x(t), y(t), z(t)) with the standard deviation cr(t) = (a/t), a/t), a,(t)). 
Variances of poll utant concentration in the time t are expressed by the formulas 

resulting from Taylor's statistical model [20]: 

(6) 
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Based on the above the emission generator determines emission and its parameters for 
every hour. 

The information base includes 40 OOO area sources from the Voivodeship. Area sour­ 
ces are represented by squares of land (squares of the mosaic map) of 0.5 x 0.5 km area. 
Area sources are attributed with the number offl ats heated by stove or by district system, the 
length of roads of different quality, the area of reservoirs emitting particulate matter, etc. 

Poll ution emission from home stoves and boilers results from util izing fuels for 
heating purposes. The demand for heat of a single flat is determined by meteorological 
conditions. Thus, the poll ution emission from coal stoves and boilers from the area source 
s,, is the function 1/)(s, p, t, m) of meteorological conditions m, stored in the information 
base regarding the number of flats heated by the boiler and stove and the related pollution 
emission rates. 

The following data from the information base are utilized in calculating the emis­ 
sion from transport sources: (I) the length of roads existing within the boundary of an 
area source: national, provincial and other made-up roads, (2) traffi c density on these 
roads, (3) emission rates from these roads. 

The yearly emission determined for a road fragment is recalculated into hourly 
emission based on a set of factors that characterize traffi c fluctuation on yearly, weekly 
and 24 hours basis. 

The emission of a poll utant p from the type of road k of area source e;, in the time t 
is expressed by the formula: 

</>(s,p,t,m) = l(s,k) ·um(t) ·uw(t) ·uAt) ·er(k,p) 

where: 
l(s, k) - the length of road of typek in the grid s, 
u,,,(t), uj t), uft) - monthly (Fig. 6), weekly (Fig. 7) and 24-hour proportions (Fig. 8), 
er(k, p) - emission rate of poll utant p (per kilometer) from the road typek. 

ló~ ------------------------ 

Fig. 6. Distribution of the daily traffic emission in weekly emission from traffi c 
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The model produced in the NatAir project [ 12], calculating emission of particulate 
matter, is util ized to determine PM emission from the surface. The model of PM emission 
is based on algorithms developed in [I 7]. It determines hourly PM emission </>(s,p,t,m) 
from the area source es as a function of the granulometrie characteristics of PM reservoirs 
existing in this area source, the type of ground surface emitting PM, variable green cov­ 
erage of the surface and meteorological conditions m. 

Pollution Concentration Model 
In Gaussian models such as BackTrack the distribution of poll utant concentrations of the 
unit mass in a cloud moving along the trajectory corridor fp and without interaction of the 
cloud with bounding planes, is 30 Gaussian distribution (6), with its centre at the point 
fp Jt) = x(t) = (x(t), y(t), z(t)) and diffusion parameters fp /t) = att) = (a/t), a/t), a,(t)). 

The ground surface constitutes a barrier to the migration of a cloud. Some particles 
of poll ution touching the ground get stuck in it; others bounce off the ground and enter the 
atmosphere again. The likelihood that a particle rebounds is described by the parameter a. 
In VLSTRACK it is assumed that 98.5% of poll utant particles in contact with the ground 
rebound and return to the atmosphere. In general, the rebound coeffi cient of a particle 
depends on the kind of poll utant and the ground. In pollution dispersion models used in 
Poland for suspended matter, the rebound coeffi cient is a= O 

Consequently, the unit mass of poll utant p which flows along trajectory so produ­ 
P 

ces the foll owing concentration in point x at time t: 

(x-x{t)r (y-y{t)r ( ~ _(z-z{t)lf l 
lj't (x,t,p,p)= 1 e ia,111 za,(IJ e za,{ 1J' +a(p)·e ia,1,1' 

2rr. -fiia x (t) a y(t)a, (t) (9) 

Vertical migration of poll ution may be hindered by the size of mixing layer height. 
In the BackTrack model the blocking effect of vertical migration is described by modify­ 
ing the altitude z(t) (see (3)). 

Transformation of a poll utant affects the level of the pollutant concentration and its 
transport in the atmosphere. Due to a relatively short time of transport, as assumed in the 
BackTrack model, the chemical transformation formulas are simplifi ed. 

Transformation ofSO1 
According to [IO, 11] the rate of irreversible loss of sulphur dioxide in the air is ca. 5% an 
hour. Thus, the concentration of SO2 in a moving cloud after the time tis: 

where: q502 is SO
2 

emission. 

Transformation of NO,_, NO1 
During the movement of the poll utant cloud, nitrogen oxides undergo slow transforma­ 
tion. According to [IO, li ] within an hour ca. 1% of nitrogen oxides vanish from the 
moving cloud. Additionall y, as a result of various impacts of environmental factors, espe­ 
ciall y resulting from the impact ofUVB radiation, a reversible transformation of nitrogen 
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BackTrack Model with other models. Analyzing this table we can conclude that SINZaP 
generates similar results in comparison with other dispersion models. 

Table 2. Root mean square error between the modeled and observed concentrations of the BackTrack model 
and the models analyzed in the project CITY-DELTA 

Average Model name 
Pollutant 

time SINZAP CAMx LOTOS CALG RID TCAM CMAQ CHIMERE 

SO, 1-hour 17.49 - - - - - 
NO I-hour 21.19 23.98 32.79 22.29 17.45 16.75 

co 1-hour 838.77 - - - - - 
PMI0 I-hour 91.73 - - - - - 
so 24-hours I I.SS - - - 
NO, 24-hours 15.21 - - - 
co 24-hours 468.33 - - - 

PMl0 24-hours 27.74 33.69 45.77 43.61 

CONCLUSIONS 

Traditional poll ution monitoring systems contain many shortcomings. They tend to gene­ 
rate incomplete information; they are late in obtaining information relevant to air quality 
management; they are ineffective in utilizing information. 

A system based on the so-called concept of an intell igent monitoring system is free 
of the above drawbacks. According to the concept, an intell igent monitoring system should: 

util ize the latest information on the air quality from the Internet, 
be capable of recognizing and assessing the pollution sources that affect the 
monitoring stations, 
interpret available monitoring data and based on them - identify the behavior of 
air pollution emission sources. 

The complete set of the above traits add aspect of intelligence into the system, at 
the same time, ensuring many other effects that improve the quality of information pro­ 
vided to end users. One of the most important characteristics of an intell igent monitoring 
system is a more effi cient utili zation of the monitoring data, accompanied by a higher 
quality of output data, and fi rst and foremost - incurring no additional costs. Traditional 
monitoring networks operate in connection with expert teams analyzing, simultaneously 
or ex post, the monitoring data and providing reports to relevant authorities. An interacti­ 
ve air pollution monitoring system considerably minimizes the demand for such services, 
thus reducing the cost of the whole system. The above-mentioned advantages make such 
systems more attractive which finally results in superseding the traditional solutions. 

The SINZaP system developed by !ETU according to the concept of the intelligent 
air pollution monitoring system has been operating effi ciently since 2006. The system is 
also used to prepare 24-hour forecasts of sulphur dioxide, nitrogen dioxide, PM I O and 
carbon oxide. The results from modeling of air pollution concentrations conducted by 
SINZaP are similar to the monitoring results obtained in other European countries and 
the neural network approach implemented in the system considerably reduces forecast 
uncertainty. 
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