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Abstract: In this work we present the air quality forecasting system which is running operationally for the area of 

Poland since December 2015. The system is based on the online WRF-Chem model, which is configured using two 

nested domains covering Europe (12km x 12km grid mesh) and Poland (4km x 4km grid mesh). For meteorology, the 

system uses GFS forecasts as boundary and initial conditions. TNO-MACC 3 emission inventory for the year 2011 is 

used for both domains. The system calculates hourly emissions taking into account country and SNAP sector 

dependent emission factors, bank holidays and winter/summer time. During the post-processing of the forecasts, the 

Air Quality Indices are calculated. The results are disseminated using the OGC services. The comparison of the 

WRF-Chem forecasts with hourly measurements of PM10 and NO2 for the heating season on December 2015-

February 2016 shows that there is a large underestimation of PM10, and the model resolves well temporal changes in 

NO2 concentrations. 
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INTRODUCTION 

Despite a significant reduction of pollutant emissions in past years, many European regions still touch 

problems in complying with the European Union’s (EU) air quality directive (European Commission 

(EC), 2008). It also concerns one of the biggest European countries – Poland, for which the air quality is 

especially problematic in winter seasons. During winter months, episodes of poor air quality, related to 

e.g. high concentrations of particulate matter (PM) are frequent in Poland. These episodes are due to both 

high coal consumption used for residential heating and meteorological conditions preventing mixing and 

dilution of air pollutants. 

 

Poor air quality has an adverse impact on human health (Pope et al., 2002), ecosystems (Serengil et al., 

2011) and climate (Menon et al., 2008). A constant finding is that air pollutants contribute to increased 

mortality and hospital admissions (Brunekreef and Holgate, 2002). The different composition of air 

pollutants, the dose and time of exposure and the fact that humans are exposed to pollutant mixtures can 

lead to diverse impacts on human health. Human health effects can range from nausea and difficulty in 

breathing or skin irritation to cancer (Kampa and Castanas, 2008). Atmospheric aerosols are currently a 

subject of extensive research and from an environmental standpoint, aerosols constitute an important 

policy issue in air quality and climate science. Particulate matter pollution is one of the most pressing 

issue in air quality regulation, and at the same time it represents one of the biggest sources of uncertainty 

in chemical transport model simulations. Besides PM, nitrogen dioxide (NO2) has also received a special 

attention due to several reasons – it acts as a precursor of both particulate matter and tropospheric ozone 

(Beelen et al., 2014) as well as has an adverse respiratory effects (WHO 2013). 

 

Nitrogen oxides are emitted as NO, which reacts rapidly with ozone or free radicals in the atmosphere 

forming NO2. The main anthropogenic sources are mobile and stationary combustion sources. Particulate 

matter consists of complex mixtures of particles suspended in the air, which vary in size and composition, 

and are produced by a variety of natural and anthropogenic activities. Major sources of PM are 

combustion processes in power plants, households, factories, motor vehicles, as well as construction 

activity, fire and natural sources of aerosols (wind blown dust and sea salt).  

 



The ability to forecast regional and local air pollution events is challenging since the processes governing 

the production and accumulation of pollutants are complex and nonlinear. Comprehensive atmospheric 

models, by representing in as much detail as possible the various dynamical, physical, and chemical 

processes regulating the atmospheric fate of pollutants, provide a scientifically sound tool for providing 

air quality forecast guidance (Mathur et al., 2008). 

 

The air pollution forecasting in Poland is still limited and in this work we present the air quality 

forecasting system which is developed within the LIFE/APIS (http://life-apis.meteo.uni.wroc.pl/) project 

and is running operationally for the area of Poland since the 1st of December 2015. The system is based 

on the online WRF-Chem model, which is configured using two nested domains covering Europe (12km 

x 12km grid mesh) and Poland (4km x 4km grid mesh) with the main focus on the south-west Poland 

(Lower Silesia). Within this first stage of the system existence the forecasts are not presented to the public 

but the main effort is towards evaluation of the results. Here, we used the air pollution concentrations 

(PM10 and NO2) measured at the Lower Silesia stations and evaluated the model results for the first 3 

months of the forecasts (December 2015 – February 2016). 

 

DATA AND METHODS 

The WRF-Chem model version 3.5.1 is used with the configuration similar to Werner et al. (2016). These 

include the Noah Land Surface Model (Chen and Dudhia, 2001), YSU boundary layer physics (Hong et 

al., 2006), RRTMG long and short wave radiation scheme (Iacono et al., 2008), Grell 3D parameterisation 

with radiative feedback and shallow convection (Grell, 2002), the Lin microphysics scheme (Lin et al., 

1983). The simulations are driven by the GFS meteorological data, available every 3h, at a 0.5o x 0.5o 

spatial resolution. Previous work of Werner et al. (2016) has shown the performance of the forecasting 

system with a flat emission inventory and TNO MACC II emission data. Here, we used the newest TNO 

MACC III emission inventory for the year 2011 and included hourly emission profiles taking into account 

country and SNAP sector dependent emission, bank holidays and winter/summer time. The first 48-h 

forecasting cycle on the 1st of December uses a 2-week spin-up, with the model simulations initialized 

with the GFS FNL meteorology for initial and boundary conditions. From the 2nd day of December, the 

model uses chemistry cycling, and the WRF-Chem run from the last hour on the previous day are used to 

initialize the next day’s forecasting simulation. 

 

The PM10 and NO2 concentrations’ forecasts were compared with hourly observations gathered by the 

Voivodeship Inspectorate of Environmental Protection at 16 stations in the Lower Silesia region in SW 

Poland. We used here  basic error statistics to summarize the system performance for the 16 December 

2015 - 28 February 2016. It included: bias (BIAS), mean absolute error (MAE) and index of agreement 

(IOA). For NO2, data from 13 measuring sites and for PM10 7 measuring sites were available. Forecasts 

are compared with the measurements separately for the <24h and 48-72h  lead time. For February 2016, 

the measurements were used with no detailed quality control. 

 

RESULTS 

Examples of PM10 and NO2 forecasts are presented in Figure 1 for the SW Poland (Dolnośląskie 

province). Both maps show the highest concentrations of atmospheric pollutants for the emission source 

areas. These are both the main cities (e.g. Wrocław) or the large industrial or energy production sites (e.g. 

Turoszów at the SW boundary of Poland). Modelled atmospheric concentrations in the closest vicinity of 

the large point sources are too high if compared with the measurements. This should be linked with a lack 

of vertical emission profile, which is currently under the development for the LIFE/APIS forecasting 

system. 



 
Figure 1. Examples of PM10 (left, time valid 06.01.2016 13:00 UTC) and NO2 (right, time valid 11.01.2016 07:00 

UTC). Units are μg m-3 

 

The PM10 concentrations are to the large extent underestimated for the majority of the measuring sites. 

Especially the peaks, which are of a large concern in terms of human health, are underestimated. This is 

shown with the example of the Działoszyn station (Figure 2). Temporal variability of the observed PM10 

concentrations is well resolved, but the measured values, and especially the peaks, are underestimated. 

This is also shown in Table 1. The bias for hourly PM10 concentrations, calculated for all the stations for 

the period of December 2015 – February 2016 is -26.7 μg m-3. 

 

 
Figure 2. Modelled and measured hourly PM10 concentrations at rural station (Działoszyn), lead time <24h 

 

The forecasting system was able to reproduce the observed NO2 air concentrations during the analysed 

period. The bias is relatively small, concerning the absolute values of measured NO2, and the temporal 

variability of modelled NO2 is similar to the measurements, as shown in Figure 3 at Legnica station as an 

example. 

 



 
Figure 3. Modelled and measured hourly NO2 concentrations at suburban station (Legnica), lead time <24h 

 

The error statistics, calculated for the entire period and all the available stations, are summarized in Table 

1 for two lead times: <24h and >48h. The results confirm large underestimation by the model of the 

measured PM10 values. NO2 is also underestimated. There are relatively small changes in the model 

performance if the two lead times are compared. 
 

Table 1. Error statistics for PM10 and NO2, lead time <24h and lead time>48h, all stations 

 PM10 LT<24h PM10 LT>48h NO2 LT<24h NO2 LT>48h 

BIAS [μg m-3] -26.7 -27.2 -19.6 -19.8 

MAE [μg m-3] 31.9 32.5 20.0 20.0 

IOA 0.36 0.36 0.42 0.43 

 

SUMMARY AND CONCLUSIONS 

We have presented here the results of the improved version of the air pollution forecasting system for SW 

Poland developed within the LIFE/APIS project. In comparison to the first version of the system (Werner 

et al. 2016), the main change includes the application of the hourly temporal emission profile, which vary 

between weekday, weekend and holidays and is SNAP sector dependent. This change improved temporal 

and spatial variability of modelled NO2 concentrations, which are related, in a high degree, with 

emissions from road transport. The bias is relatively small and the temporal variability of modelled NO2 

is similar to the measurements. The improvement for PM10 concentrations is not so clear as for NO2. In 

fact temporal variability of the observed PM10 concentrations is well resolved, but the measured values, 

and especially the peaks, are underestimated. The underestimation of the PM10 concentrations might be 

linked with the uncertainty in primary particulates emission inventory. National emission database, 

developed for the year 2015 by the Chief Inspectorate of Environment Protection, shows that the PM10 

emission from residential combustion is c.a. two times higher if compared with TNO MACC III data.  

 

Moreover, for both pollutants modelled concentrations in the closest vicinity of the large point sources are 

too high if compared with the measurements. We link this with a lack of vertical emission profile, which 

is currently under the development for the LIFE/APIS forecasting system. 

 

ACKNOWLEDGEMENTS 

The project was partially financed by European Union  and co-financed by NFOSiGW within LIFE+ 

Program, Project: LIFE-APIS/PL - Air Pollution and biometeorological forecast and Information System. 

LIFE12 ENV/PL/000056. Calculations have been carried out using resources provided by Wroclaw 

Centre for Networking and Supercomputing (http://wcss.pl). 

 

http://wcss.pl/


REFERENCES 

Beelen, R., Raaschou-Nielsen, O., Stafoggia, M., Andersen, Z. J., Weinmayr, G., Hoffmann, B., Wolf, K., 

Samoli, E., Fischer, P., Nieuwenhuijsen, M., Vineis, P., Xun, W. W., Katsouyanni, K., 

Dimakopoulou, K., Oudin, A., Forsberg, B., Modig, L., Havulinna, A. S., Lanki, T., Turunen, 

A., Oftedal, B., Nystad, W., Nafstad, P., De Faire, U., Pedersen, N. L., Östenson, C.-G., 

Fratiglioni, L., Penell, J., Korek, M., Pershagen, G., Eriksen, K. T., Overvad, K., Ellermann, T., 

Eeftens, M., Peeters, P. H., Meliefste, K., Wang, M., Bueno-de-Mesquita, B., Sugiri, D., Krämer, 

U., Heinrich, J., de Hoogh, K., Key, T., Peters, A., Hampel, R., Concin, H., Nagel, G., Ineichen, 

A., Schaffner, E., Probst-Hensch, N., Künzli, N., Schindler, C., Schikowski, T., Adam, M., 

Phuleria, H., Vilier, A., Clavel-Chapelon, F., Declercq, C., Grioni, S., Krogh, V., Tsai, M.-Y., 

Ricceri, F., Sacerdote, C., Galassi, C., Migliore, E., Ranzi, A., Cesaroni, G., Badaloni, C., 

Forastiere, F., Tamayo, I., Amiano, P., Dorronsoro, M., Katsoulis, M., Trichopoulou, A., 

Brunekreef, B. and Hoek, G.: Effects of long-term exposure to air pollution on natural-cause 

mortality: an analysis of 22 European cohorts within the multicentre ESCAPE project., Lancet 

(London, England), 383(9919), 785–95, doi:10.1016/S0140-6736(13)62158-3, 2014. 

Brunekreef, B. and Holgate, S. T.: Air pollution and health., Lancet, 360(9341), 1233–42, 

doi:10.1016/S0140-6736(02)11274-8, 2002. 

Chen, F. and Dudhia, J.: Coupling an Advanced Land Surface–Hydrology Model with the Penn State–

NCAR MM5 Modeling System. Part I: Model Implementation and Sensitivity, Monthly Weather 

Review, 129, 569–585, doi:10.1175/1520-0493(2001)129<0569:CAALSH>2.0.CO;2, 2001. 

Grell, G. A.: A generalized approach to parameterizing convection combining ensemble and data 

assimilation techniques, Geophysical Research Letters, 29, 1693, doi:10.1029/2002GL015311, 

2002. 

Hong, S.-Y., Noh, Y. and Dudhia, J.: A New Vertical Diffusion Package with an Explicit Treatment of 

Entrainment Processes, Monthly Weather Review, 134, 2318–2341, doi:10.1175/MWR3199.1, 

2006. 

Iacono, M. J., Delamere, J. S., Mlawer, E. J., Shephard, M. W., Clough, S. A. and Collins, W. D.: 

Radiative forcing by long-lived greenhouse gases: Calculations with the AER radiative transfer 

models, Journal of Geophysical Research, 113(D13), D13103, doi:10.1029/2008JD009944, 

2008. 

Kampa, M. and Castanas, E.: Human health effects of air pollution., Environmental pollution (Barking, 

Essex : 1987), 151(2), 362–7, doi:10.1016/j.envpol.2007.06.012, 2008. 

Lin, Y.-L., Farley, R. D. and Orville, H. D.: Bulk Parameterization of the Snow Field in a Cloud Model, 

Journal of Climate and Applied Meteorology, 22, 1065–1092, doi:10.1175/1520-

0450(1983)022<1065:BPOTSF>2.0.CO;2, 1983. 

Mathur, R., Yu, S., Kang, D. and Schere, K. L.: Assessment of the wintertime performance of 

developmental particulate matter forecasts with the Eta-Community Multiscale Air Quality 

modeling system, Journal of Geophysical Research D: Atmospheres, 113, 

doi:10.1029/2007JD008580, 2008. 

Menon, S., Unger, N., Koch, D., Francis, J., Garrett, T., Sednev, I., Shindell, D. and Streets, D.: Aerosol 

climate effects and air quality impacts from 1980 to 2030, Environmental Research Letters, 3(2), 

024004, doi:10.1088/1748-9326/3/2/024004, 2008. 

Pope, C. A., Burnett, R. T., Thun, M. J., Calle, E. E., Krewski, D., Ito, K. and Thurston, G. D.: Lung 

cancer, cardiopulmonary mortality, and long-term exposure to fine particulate air pollution., 

JAMA, 287(9), 1132–41 [online] Available from: http://www.pubmedcentral.nih.gov 

/articlerender.fcgi?artid=4037163&tool=pmcentrez&rendertype=abstract (Accessed 21 October 

2014), 2002. 

Serengil, Y., Augustaitis, A., Bytnerowicz, A., Grulke, N., Kozovitz, A., Matyssek, R., Müller-Starck, G., 

Schaub, M., Wieser, G., Coskun, A. and Paoletti, E.: Adaptation of forest ecosystems to air 

pollution and climate change: a global assessment on research priorities, iForest - 

Biogeosciences and Forestry, 4(2), 44–48, doi:10.3832/ifor0566-004, 2011. 

Werner, M., Kryza, M., Ojrzyńska, H., Skjøth, C. A., Wałaszek, K. and Dore, A. J.: Application of WRF-

Chem to forecasting PM10 concentration over Poland, Int. J. Environ. Pollut., in press, 2016. 

 

 

http://www.pubmedcentral.nih.gov/

