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Air Pollution in the Czech Republic in 2021

ANNEX I

1	 https://permalink.aeris-data.fr/CAMS-REG-AP
2	 https://www.regional.atmosphere.copernicus.eu/

Detailed specifications 
of the presented 
pollution level maps
Spatial maps are constructed from the results of measurements at 
individual locations, using and combining a wide range of infor-
mation (CHMI 2022d). Uncertainties of individual maps depend 
mainly on the density of the network of monitoring stations and 
the uniformity of coverage of the national territory by these stati-
ons, as well as on the uncertainties of individual measurements, 
model inputs, model calculations and the methods used in con-
structing the spatial maps. Maps have the least uncertainty near 
measuring stations. Although the uncertainties of some particular 
maps are quite high, these are associated with estimates of the 
air pollution field that adequately correspond to the background 
data used and the state of current knowledge. The uncertainties of 
maps must be taken into account when interpreting them.

The following paragraphs describe the background sources used 
for construction of the air pollution maps for 2021 and the speci-
fications of the individual maps presented in this yearbook.

1. Data employed

a. �Measured air pollution data. The annual characteristics of 
the measured data from the AQIS database are used.

b. �Outputs from dispersion models. Outputs from the following 
models are used:

	 CAMx — Eulerian model, resolution 2.3 × 2.3 km, 2021:

	 • meteorology: ALADIN 2021 model in 2.3 × 2.3 km resolution

	 • �anthropogenic emissions for the territory of the CR for 2020, 
unless otherwise stated: REZZO 1 and 2 stationary sources — 
reporting for 2020 updated by reporting for 2021 available 
as of 3 April 2022; REZZO 3 areal sources — local heating 
(background data 2020, degree-days 2021), agriculture — 
breeding (2019 and 2020) and agriculture activities, brown 
coal and black coal mines (2021), quarries — surface mining, 
fugitive emissions from production of coke, iron and steel, 
foundries and other resources, landfills, construction activi-

ties, use of solvents; REZZO 4 mobile sources — road trans-
port according to the Road and Motorway Directorate census 
(2016), off-road transport, Václav Havel Airport in Prague 
(2016, updated for 2021 according to CO2 emissions ratio for 
the Czech Republic (EUROCONTROL 2022)), other internati-
onal airports (2020, updated for 2021 according to CO2 emi-
ssion ratio for the Czech Republic (EUROCONTROL 2022))

	 • �anthropogenic emissions for Poland for 2019: Central emissi-
on database for air quality modelling in Poland (KOBiZE 2022)

	 • �anthropogenic emissions outside the CR and Poland: ba-
sic substances – CAM S-REG-AP v4.2-ry1 for 2019 (Kuenen 
et al. 2021); benzo[a]pyrene, cadmium, and lead (2019)  
(EMEP/CEIP 2022; these cadmium and lead emissions were 
also used for the territory of Poland)

	 • �biogenic VOC emissions from plants and NO from soil: the 
MEGAN v2.1 model (GUENTER et al. 2012)

	 • �boundary conditions – in time and space, variables from the 
global WACCM model (NCAR 2022)

SYMOS — Gaussian model, resolution 1 × 1 km (reference po-
ints in a 250 × 250 m grid in built-up areas and a 500 × 500 m 
grid outside built-up areas, averaged into a grid of 1 × 1 km); 
outside the CR 1 × 1 km, 2021 (meteorology: wind roses 2021 
from the ALADIN model in the 2.3 × 2.3 km grid and at 120, 
330, 500, and 700 m height levels according to the effective 
height of the source, anthropogenic emissions: as for the CAMx 
model (except for emissions from the EMEP/CEIP database)). 
For PM2.5, the model was smoothed in a 3 × 3 km grid.

CAMS ensemble forecast2 – median of the Eulerian model ensem-
ble, resolution 0.1 x 0.1°, year 2021 (meteorology: ECWMF 2021, 
emission: CAMS-REG-AP; see COPERNICUS (2022) for details)

The most recent outputs that were available from particular mo-
dels at the time of preparing the yearbook were always used.

c. �Emissions from traffic: resolution 1 × 1 km, source: the Road 
and Motorway Directorate census (2016)

d. Elevation: resolution 1 × 1 km, source: ZABAGED, SALSC.

e. Population density: resolution 1 × 1 km, source: CSO.
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2. Estimates of uncertainty

The uncertainty in relation to the relevant map was assessed 
using the cross-validation method; see Horálek et al. (2007). Es-
timations of the concentrations at measuring sites was always 
created by leaving out the given measurement using the other 
data, thus objectively estimating the quality of the map outside 
the measuring site. This approach was used repeatedly for all the 
measuring sites. The estimated values were compared with the 
measured values using the root-mean-square error (RMSE) or the 
relative root-mean-square error (RRMSE).

Where	 Z(si) is the measured value of the concentration at the 		
	 ith point, 
	 Ż(si) is the estimate at the ith point using the other data, 
	 N is the number of monitoring stations.

For calculation reasons, the estimate of the uncertainty was calcu-
lated only for interpolation of the residuals; thus the overall uncer-
tainty of the map is generally somewhat greater. It should also be 
noted that this is the median uncertainty of the whole map; the spa-
tial distribution of the uncertainty was not estimated.

3. Parameters of the individual maps

For the maps of the individual pollutants, the Tables 1–8 below 
present the supplementary quantities used in the linear regressi-
on model and their parameters (c, a1, a2, …), the interpolation 
parameters using kriging (range, nugget, partial sill), the inverse 
distance values (IDW — inverse distance weighted), and for most 
maps the root-mean-square of the error (RMSE) in the map is also 
given. These parameters are always given for the individual pollu-
tion layers (rural, urban, traffic).

a. �Suspended particulate matter PM10: The maps were con-
structed using 55 rural (without distinguishing background 
and industrial), 87 urban and suburban background and 
27  traffic stations. The results of measurements at six urban 
and suburban industrial stations were taken into account only 
in their immediate vicinity (Tab. 1, Annex 1).

b. �Suspended particulate matter PM2.5: The maps were con-
structed using 29 rural (without distinguishing background 
and industrial), 52 urban and suburban background and 
19 traffic stations. The results of measurements at seven urban 
and suburban industrial stations were taken into account only 
in their immediate vicinity. The uncertainty in the map was 

not calculated because of the mapping methodology (Tab. 2, 
Annex I). This is because PM10 maps were used as supplemen-
tary quantities — due to the strong regression relation between 
PM10 and PM2.5 the uncertainty estimates would be underesti-
mated.

c. �Benzo[a]pyrene: The maps were constructed using 11 rural, 
and 42 urban and suburban stations (without distinguishing 
background, traffic, and industrial ones), which were supple-
mented by eight rural and eight urban and suburban stations 
whose values were estimated using the measured values of pre-
vious years. Concerning the city and rural map layers, an ex-
ponential interrelation with the PM2.5 city and rural map layer, 
respectively, was applied. Due to the low number of measuring 
stations in small settlements, the estimation of uncertainty in 
rural areas is only indicative (Tab. 3, Annex I).

d. �Nitrogen dioxide and nitrogen oxides: The maps for NO2 
were constructed using 31 rural (without distinguishing bac-
kground and industrial), 48 urban and suburban background 
and 22 traffic stations. The results of measurements at 4 urban 
and suburban industrial stations were taken into account only 
in their immediate vicinity. The maps for NOX were constructed 
using 29 rural, 46 urban and suburban background and 22 tra-
ffic stations (Tab. 4, Annex I).

e. �Tropospheric ozone: The maps of the 26 highest maximum 
daily 8-hour running averages were constructed on the basis 
of 24 rural and 29 urban and suburban stations. The measure-
ment results of 3 transport and 2 urban and suburban industrial 
stations were taken into account only in their immediate vicini-
ty. The maps for AOT40 were constructed using 27  rural and 
34 urban and suburban background stations (Tab. 5, Annex I).

f. �Benzene: The maps were constructed using 6 rural, and 24 ur-
ban and suburban background stations. The results of measu-
rements at 2 industrial and 6 traffic stations were taken into ac-
count only in their immediate vicinity (Tab. 6, Annex 1). 

g. �Heavy metals: The maps for arsenic were constructed using 
16 rural and 40 urban and suburban stations (without distin-
guishing between background, traffic and industrial stations). 
The cadmium map was constructed using 56 stations (without 
distinguishing according to type). The high relative uncertainty 
of the cadmium map is related to the low cadmium values over 
most of the territory (Tab. 7, Annex I). 

h. �Sulphur dioxide: The map of the 4 highest 24-hour concentrati-
ons was constructed using 29 rural (without distinguishing bac-
kground and industrial) and 30 urban and suburban background 
stations. The results of measurements at 3 traffic and 3 industrial 
stations were taken into account only in their immediate vicinity. 
The maps of the annual or winter averages were constructed using 
38 and 35, respectively, rural (without distinguishing background 
and industrial) and 30 urban and suburban background stations. 
The results of measurements at 3 and 2, respectively, traffic stati-
ons and 3 industrial stations were taken into account only in their 
immediate vicinity (Tab. 8, Annex I).

CAMS ensemble forecast2 – medián ansámblu Eulerovských modelů, rozlišení 0,1 x 
0,1°, rok 2021 (meteorologie: ECWMF 2021, emise: CAMS-REG-AP; podrobnosti viz 
COPERNICUS (2022))   

V případě jednotlivých modelů byly použity vždy aktuální výstupy, které byly k dispozici 
v době přípravy ročenky.  
c. Emise z dopravy: rozlišení 1 × 1 km, zdroj: silniční doprava dle sčítání ŘSD (2016).  
d. Nadmořská výška: rozlišení 1 × 1 km, zdroj: ZABAGED, Zeměměřičský úřad.  
e. Hustota populace: rozlišení 1 × 1 km, zdroj: ČSÚ. 
2. Odhad nejistoty  
Pro odhad nejistoty příslušné mapy byla použita metoda křížového ověřování (cross-
validace), viz Horálek et al. (2007). Odhad koncentrací v místech měření je vytvořen vždy 
s vypuštěním daného měření pomocí ostatních dat, a tím je objektivně odhadnuta kvalita mapy 
mimo místa měření. Tento postup byl opakovaně použit pro všechna místa měření. Odhadnuté 
hodnoty byly porovnány s naměřenými hodnotami pomocí standardní chyby odhadu (root-
mean-square error, RMSE), resp. relativní standardní chyby odhadu (RRMSE): 

𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅 = �
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kde Z(si) je naměřená hodnota koncentrace v i-tém bodě, 

Ż(si) je odhad v i-tém bodě pomocí ostatních dat, 
N je počet měřicích stanic.  

Odhad nejistoty byl z výpočetních důvodů počítán jen pro interpolaci reziduí; celková nejistota 
mapy je proto obecně poněkud větší. Též je třeba zmínit, že jde o střední nejistotu celé mapy, 
prostorové rozložení nejistoty nebylo odhadováno.  
3. Parametry jednotlivých map  

Pro mapy jednotlivých škodlivin jsou v Tab. 1–8 prezentovány doplňkové veličiny použité 
v lineárním regresním modelu a jejich parametry (c, a1, a2, …), parametry interpolace pomocí 
krigingu (range, nugget, partial sill) a převrácené hodnoty vzdálenosti (váha IDW) a u většiny 
map je též uvedena odhadnutá nejistota mapy (RMSE). Tyto parametry jsou uvedeny vždy pro 
jednotlivé imisní vrstvy (venkovská, městská, dopravní).  
a. Suspendované částice PM10: Pro konstrukci map bylo použito 55 venkovských (bez 
rozlišení na pozaďové a průmyslové), 87 městských a předměstských pozaďových a 27 
dopravních stanic. Výsledky měření šesti městských a předměstských průmyslových stanic 
byly zohledněny pouze v jejich bezprostředním okolí (Tab. 1, Příloha I).  
b. Jemné suspendované částice PM2,5: Pro konstrukci mapy bylo použito 29 venkovských 
(bez rozlišení na pozaďové a průmyslové), 52 městských a předměstských pozaďových 
a 19 dopravních stanic. Výsledky měření sedmi městských a předměstských průmyslových 

 
2 https://www.regional.atmosphere.copernicus.eu/ 
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Linear regression 
model + interpolation 
of residuals

Annual average 36th highest daily average

rural areas
urban 

background
traffic rural areas

urban 
background

traffic

c (constant) 3.5 13.9 10.7 –5.0 24.2 18.6

a1 (model CAMx) 1.72 0.69 0.88 1.82 0.61 0.73

a2 (altitude) -0.0055 -0.0073 -0.0139

range [km] 45 90 5 47 25 5

nugget 0 4.6 0 0 19.0 0

partial sill 2.9 2.2 4.5 11.6 1.3 13.8

weight IDW 1 1

RMSE [µg·m–3] 1.8 2.7 2.3 4.2 5.2 3.5

relat. RMSE [%] 11 14 10 14 15 9

Tab. 2 PM2.5 map parameters

Tab. 1 PM10 map parameters

Linear regression model + 
interpolation of residuals

Annual average

rural areas urban background traffic

c (constant) 0.7 –2.4 –2.1

a1 (rural map of PM10) 0.62

a2 (urban background map of PM10) 0.86

a3 (traffic map of PM10) 0.79

a4 (model SYMOS) 0.95

range [km] 10 100 2

nugget 0 1.1 0

partial sill 1.2 0.2 1.9

weight IDW 1

The numbers of stations also include foreign (German and Polish) 
stations that were used in the creation of some maps.

The urban and rural layers were combined using the limits of the 
classification intervals (CHMI 2022d): α1 = 200 inhabitants·km–2, 
α2 = 1000 inhabitants·km–2. The background and traffic layers 
were combined using the limits of the classification intervals 

3	 For the spatial maps of NO2 and NOX, the traffic layer was used only in cities, while outside of cities in territories with  
	 NOX > 5 t·km–2·year–1 the layers were used from all the urban, suburban, rural and traffic stations.

(CHMI 2022d): τ1 = 3 t·km–2·year–1, τ2 = 8  t·km–2·year–1 (for PM10 
and PM2.5 maps), or τ1 = τ2 = 10 t·km–2·year–1 (for NO2 and NOX 
maps), where the PM10 and PM2.5 maps were based on SPM emissi-
ons, while the NO2 and NOX maps were based on NOX emissions3.
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Linear regression model + interpolation of residuals
Annual average

rural areas urban background

c (constant) 0.1 0.1

b1 (constant) 0.2

b2 (constant) 0.2

a1 (exp(b1*rural map PM2,5)) 0.04

a2 (exp(b2*urban map PM2,5)) 0.03

range [km] 30 6

nugget 0 0

partial sill 0.02 0.25

RMSE [µg·m–3] > 0.3 0.5

relat. RMSE [%] > 30 35

Tab. 3 Benzo[a]pyrene map parameters

Linear regression model + interpolation of 
residuals

NO2 – annual average NOX –annual average

rural areas
urban 

background
traffic rural areas

urban 
background

traffic

c (constant) 8.0 16.7 18.8 8.9 25.7 31.3

a1 (model SYMOS NO2) 4.43 1.50

a2 (model SYMOS NO2 – REZZO4) 2.75

a3 (model SYMOS NOX) 2.35 0.62

a3 (model SYMOS NOX – REZZO4) 1.93

a4 (altitude) -0.01 -0.01 –0.01 -0.03

weight IDW 1 1 1 1 1 1

RMSE [µg·m–3] 1.1 2.4 5.5 2.3 5.2 16.3

relat. RMSE [%] 14 16 22 22 23 34

Tab. 4 NO2 and NOX map parameters

Linear regression model 
+ interpolation of 
residuals

26th highest maximum daily 8-hour average AOT40 exposure index

rural areas urban background rural areas urban background

c (constant) 111.7 23.0 16146 8114

a1 (model CAMS) 0.90 0.84

a2 (altitude) 0.01 1.12

weight IDW 1 1.1 1 1

RMSE [µg·m–3] 4.0 4.2 2727 2617

relat. RMSE [%] 3 4 16 16

Tab. 5 Ground-level ozone map parameters
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Tab. 8 SO2map parameters

Linear regression model + 
interpolation of residuals

Arsen – annual average Kadmium – annual average

rural areas urban background whole map

c (constant) –0.8 0.1

a1 (rural map PM10) 0.109

a2 (model CAMx) 1.68

range [km] 130 10 16

nugget 0 0 0

partial sill 0.2 0.4 0.1

RMSE [µg·m–3] 0.3 0.6 0.2

relat. RMSE [%] 38 47 88

Tab. 7 Arsenic and cadmium map parameters

Linear regression model + 
interpolation of residuals

4th highest daily average Annual average Winter average

rural areas
urban 

background
traffic rural areas

urban 
background

traffic

c (constant) 0.4 5.6 1.1 2.5 1.2 2.0

a1 (model CAMx) 0.99 0.46 0.89 0.40 0.71 0.43

weight IDW  1.5 1.7 1 1 1 1

RMSE [µg·m–3] 4.7 6.3 1.1 1.5 1.2 1.0

relat. RMSE [%] 43 45 31 35 31 22

Linear regression model + interpolation of 
residuals

Annual average

rural areas urban background

c (constant) –1.2 –1.1

a1 (model CAMx) 6.87 7.15

weight IDW 1 1.6

RMSE [µg·m–3] 0.1 0.3

relat. RMSE [%] 16 22

Tab. 6 Benzene map parameters


