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PRILOHA |

PODROBNA SPECIFIKACE
PREZENTOVANYCH IMISNiCH MAP

Plosné mapy jsou z vysledkli métfeni v jednotli-
vych lokalitach konstruovany s vyuzitim a kombi-
naci mnoha informaci (kap. XII). Nejistoty jedno-
tlivych map jsou zavislé zejména na hustoté sité
méficich stanic a na rovnomérnosti pokryti uzemi
CR stanicemi, dile na nejistotach jednotlivych
meéfeni, vstupli do modelli, modelovych vypocti
a na pouzitém zpusobu konstrukce plo$nych map.
Mapy maji nejmensi nejistotu v blizkosti méticich
stanic. Pfestoze jsou nejistoty zejména nékterych
map dosti vysoké, jedna se o odhady imisniho po-
le, které adekvatné odpovidaji pouzitym podkla-
dim a stavu soucasného poznani. K nejistotam
map je nutno prihlizet pii jejich interpretaci.

V dalsich odstavcich jsou uvedeny podklady, které
byly pouzity pro konstrukci imisnich map pro rok
2017, a specifikace jednotlivych map prezentova-
nych v tétorocence.

1. Pouzita data

a. Merenad imisni data: Pouzity jsou rocni charak-
teristiky namétenych dat z databaze ISKO.

b. Vystupy z rozptylovych modelii: Pouzity jsou
vystupy z modeli

SYMOS — Gaussovsky model, rozliSeni 1x1 km,
rok 2017 (meteorologie: vétrné rdzice 2016,
emise: REZZ0 2016);

CAMx — Eulerovsky model, rozliseni 4,7x4,7 km,
rok 2017 (meteorologie: ALADIN 2016, emise:
REZZO 2010 pro uzemi CR, TNO MACC-II
2009 (Kuenen etal. 2014) pro okolni tizemi);

EMEP — Eulerovsky model, rozliSeni cca 10x10
km, rok 2015 (meteorologie: ECWMF 2015,
emise: EMEP 2015), v piipad€ BaP rozliSeni cca
50x50 km, rok 2015 (meteorologie: ECWMF
2015, emise: EMEP 2015).

V ptipad¢ jednotlivych modelt byly pouZzity vzdy
aktualni vystupy, které byly k dispozici v dob¢
piipravy rocenky.

¢. Emise z dopravy: rozliseni 1x1 km, zdroj:
emisni databaze REZZO 4 (rok 2015).

d. Nadmorska vyska: rozliSeni 1x1 km, zdroj:
ZABAGED, Zeméméiicsky urad.

e. Hustota populace: rozli§eni 1x1 km, zdroj:
CSU.

ANNEX |

DETAILED SPECIFICATION OF THE
PRESENTED POLLUTION LEVEL MAPS

Spatial maps are the result of measurements at the
individual locations constructed utilising and
combining a great deal of information (Chap. XII).
Uncertainties in the individual maps are dependent
especially on the density of the network of measu-
ring stations and the evenness of coverage of the
territory of the Czech Republic by stations, and also
on the uncertainties in the individual measurements,
inputs into the models, model calculations and
means used in constructing the spatial maps. Maps
have the lowest uncertainty close to the measuring
stations. Although the uncertainties are quite large,
especially in some maps, these are estimates of the
pollution fields that adequately correspond to the
basic information employed and the state of contem-
porary knowledge. The uncertainties in maps must
be taken into consideration in their interpretation.

The following text describes the basic documents
used for construction of the pollution maps for 2017
and specifications for the individual maps presented
in this yearbook.

1. Data employed

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

b. Outputs from the scatter models.: Outputs from
the following models were used:

SYMOS — Gaussian model, resolution 1 x 1 km,
2017 (meteorology: wind rose for 2016, emis-
sions: REZZO 2016):

CAMx — Euler model, resolution 4.7 x 4.7 km,
2017 (meteorology: ALADIN 2016, emissions:
REZZO 2010 for the territory of the Czech
Republic, TNO MACC-II 2009 (Kuenen et al.
2014) for the surrounding territory),;

EMEP — Euler model, resolution approx. 10 x 10
km, 2015 (meteorology: ECWMF 2015, emis-
sions: EMEP 2015), for BaP resolution approx.
50x 50 km, 2015 (meteorology: ECWMF 2015,
emis-sions: EMEP 2015).

Up-to-date inputs that were available at the time
of preparation of the yearbook were used for the
individual models.

c. Emissions from traffic: resolution I x 1 km,
source: REZZO 4 emission database (2015).

d. Elevation: resolution 1 x 1 km, source:
ZABAGED, Geodetic authority.

e. Population density: resolution 1 x I km, source:
CcSO
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2. Odhad nejistoty

Pro odhad nejistoty prislusné mapy byla pouzita
metoda kFiZového ovérovani (cross-validace), viz
Horalek et al. (2007). Odhad koncentraci v mistech
méfeni je vytvoren vzdy s vypusténim daného me-
feni pomoci ostatnich dat, a tim je objektivné odhad-
nuta kvalita mapy mimo mista méteni. Tento postup
byl opakované pouzit pro vSechna mista méteni.
Odhadnuté hodnoty byly porovnany s naméfenymi
hodnotami pomoci standardni chyby odhadu (root-
mean-square error, RMSE), resp. relativni stan-
dardni chyby odhadu (RRMSE):

RMSE = \/%i(Z(s,-) -Z(s,)’

kde

Z(s;) je naméfena hodnota koncentrace v i-tém
bodg,

Z(s;) je odhad v i-tém bodé pomoci ostatnich dat,

N jepocet méficich stanic.

Odhad nejistoty byl z vypocetnich diivodt pocitan

jen pro interpolaci rezidui; celkova nejistota mapy

je proto ponekud vétsi. Téz je tfeba zminit, ze jde o

sttedni nejistotu celé mapy, nebylo odhadovano

prostorové rozlozeni nejistoty.

3.Parametry jednotlivych map

Pro mapy jednotlivych Skodlivin jsou v tabulkach
nize prezentovany dopliikové veli¢iny pouzité v li-
nearnim regresnim modelu a jejich parametry (c, a,,
a,, ...), parametry interpolace pomoci krigingu
(range, nugget, partial sill) a pfevracené hodnoty
vzdalenosti (véha IDW) a u vétSiny map je téz
uvedena odhadnutd nejistota mapy (RMSE). Tyto
parametry jsou uvedeny vzdy pro jednotlivé imisni
vrstvy (venkovska, méstska, dopravni).

a. Suspendované castice PM,,: Pro konstrukci map
bylo pouzito 45 venkovskych, 82 méstskych a
predméstskych pozad’ovych a 27 dopravnich sta-
nic. Vysledky méfeni Ctyt primyslovych stanic
byly zohlednény pouze v jejich bezprostiednim
okoli (tab. 1, Piilohal).

b. Jemné suspendované cdastice PM,;: Pro kon-
strukci mapy bylo pouzito 23 venkovskych, 46
meéstskych a predméstskych pozad’ovych a 13
dopravnich stanic. Vysledky méfeni tfi pramy-
slovych stanic byly zohlednény pouze v jejich
bezprostfednim okoli. Z divodu metodiky mapo-
vani nebyla vycislena nejistota mapy (tab. 2,

2. Estimate of uncertainty

The uncertainty was measured for the relevant maps
using the cross-validation method, see Hordlek et
al. (2007). Estimation of the concentrations at the
measuring sites is 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 errvor (RMSE) or the
relative root mean square errorv (RRMSE).

RRMSE = lRNﬂ.IOO
— > Z(s,
N Z:, (s,)
where
Z(s7) is the measured value of the concentration

at the i" point,

is the estimate at the i" point using the other
data,

N s the number of measuring stations.

Z(s;)

For calculation reasons, the estimate of the uncert-
ainty was calculated only for interpolation of the
residuals; thus the overall uncertainty of the map is
somewhat greater. It should also be mentioned that
this is the median uncertainty of the whole map; the
spatial distribution of the uncertainty was not
estimated.

3. Parameters of the individual maps

For the maps of the individual pollutants, the tables
below present the supplementary quantities used in
the linear regression model and their parameters (c,
a, a, ..), the interpolation parameters using
kriging (range, nugget, partial sill) and 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
pollution layers (rural, urban, traffic).

a. Suspended particulate matter PM,,: The maps
were constructed using 45 rural, 82 urban and
suburban background and 27 traffic stations. The
results of measurements at four industrial sta-
tions were taken into account only in their im-
mediate vicinity (Tab. 1, Annex 1).

b. Suspended particulate matter PM,,: The maps
were constructed using 23 rural, 46 urban and
suburban background and 13 traffic stations. The
results of measurements at three industrial sta-
tions were taken into account only in their
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Ptiloha I). Diivodem je pouziti mapy PM,, jako
dopliikové veli¢iny — vzhledem k silné regresni
vazbé PM,, a PM, by odhad nejistoty byl
podhodnocen.

¢. Benzo[a]pyren: Pro konstrukci mapy bylo po-
uzito 7 venkovskych a 37 méstskych a predmést-
skych pozad’ovych a dopravnich stanic. Vysled-
ky méfeni péti stanic primyslovych byly zohled-
nény pouze v jejich bezprostfednim okoli.
Vzhledem k velmi nizkému poctu venkovskych
stanic je odhad nejistoty venkovskych oblasti
pouze orientaéni. Nizky pocet venkovskych sta-
nic je téz divodem pomérné veliké nejistoty ma-
py ve venkovskych oblastech (tab. 3, Prilohal).

d. Oxid dusicity a oxidy dusiku: Pro konstrukci ma-
py NO, bylo pouzito 19 venkovskych, 38 mést-
skych a predméstskych pozadovych a 23
dopravnich stanic. Vysledky méteni 17 pri-
myslovych stanic byly zohlednény pouze v jejich
bezprostfednim okoli. Pro konstrukci mapy NO,
bylo pouzito 18 venkovskych, 39 méstskych
apredméstskych pozad’ovych a 24 dopravnich
stanic (tab. 4, Ptilohal).

e. Prizemni ozon: Pro konstrukci mapy 26. nejvys-
$iho maximalniho denniho 8hodinového klouza-
vého pruméru bylo pouzito 38 venkovskych, 41
méstskych a predméstskych pozad’ovych. Pro
konstrukci mapy AOT40 bylo pouzito 28 ven-
kovskych, 29 méstskych a predméstskych poza-
d’'ovych (tab. 5, PtilohaI).

- Benzen: Pro konstrukci mapy bylo pouzito 6 ven-
kovskych, 21 méstskych a predméstskych poza-
d’ovych a 8 dopravnich stanic. Vysledky méteni
3 primyslovych stanic byly zohlednény pouze
v jejich bezprosttednim okoli (tab. 6, Piiloha ).

g. Tezké kovy: Pro konstrukci mapy arsenu bylo po-
uzito 12 venkovskych a 43 méstskych a pted-
méstskych stanic (bez rozliseni na pozad’ové,
dopravni a primyslové). Pro konstrukci mapy
kadmia bylo pouzito 55 stanic (bez rozliseni po-
dle typu). Nejistota mapy kadmia je odhadnuta
bez Tanvaldu a jeho bezprostiedniho okoli, pro-
toze vysoké absolutni hodnoty koncentraci v této
lokalité by zpUsobily zkresleni celkové nejistoty
mapy. Vysoka relativni nejistota mapy kadmia
souvisi s nizkymi hodnotami kadmia na vétSing
uzemi (tab. 7, Ptilohal).

h. Oxid siricity: Pro konstrukci mapy 4. nejvyssi
24hodinové koncentrace bylo pouzito 26 ven-
kovskych (bez rozliSeni na pozadové a pri-
myslové) a 28 méstskych a predméstskych poza-
d'ovych stanic. Vysledky méteni 6 dopravnich

immediate vicinity. The uncertainty in the map
was not calculated because of the mapping
methodology (Tab. 2, Annex 1). This is because
PM,, maps were used as supplementary quanti-
ties — because of the highly regression connection
of PM,, and PM, , the uncertainty estimates were
underestimated.

. Benzo[a]pyrene: The maps were constructed

using 7 rural, and 37 urban and suburban back-
ground and traffic stations. The results of mea-
surements at five industrial stations were taken
into account only in their immediate vicinity.
Because of the very small number of rural
Stations, the estimate of the uncertainty of rural
areas is only indicative. The low number of rural
Sstations is also the reason for the relatively large
uncertainty in the maps for the rural areas (Tab.
3, Annex I).

d. Nitrogen dioxide and nitrogen oxides: The maps
for NO, were constructed using 19 rural, 38

urban and suburban background and 23 traffic
stations. The results of measurements at 17
industrial stations were taken into account only
in their immediate vicinity. The maps for NO,
were constructed using 18 rural, 39 urban and
suburban background and 24 traffic stations
(Tab. 4, Annex ).

. Tropospheric ozone: The maps of the 26" highest

maximum daily 8-hour running average were
constructed on the basis of 38 rural and 41 urban
and suburban stations. The maps for AOT40 were
constructed using 28 rural and 29 urban and
suburban background stations (Tab. 5, Annex I).

. Benzene: The maps were constructed using

6 rural, 21 urban and suburban background and
8 traffic stations. The results of measurements at
3 industrial stations were taken into account only
in their immediate vicinity (Tab. 6, Annex 1).

. Heavy metals: The maps for arsenic were con-

structed using 12 rural and 43 urban and
suburban stations (without distinguishing
between background, traffic and industrial
stations). The cadmium map was constructed
using 55 stations (without distinguishing ac-
cording to type). The uncertainty in the cadmium
map was estimated without Tanvald and its
immediate vicinity because the high absolute
values at this location would cause distortion of
the overall uncertainty of the map. The high
relative uncertainty of the cadmium map is
related to the low cadmium values over most of
the territory (Tab. 7, Annex I).

. Sulphur dioxide: The map of the 4th highest

24-hour concentration was constructed using
26 rural (without distinguishing background and
industrial) and 28 urban and suburban back-
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a6 prumyslovych stanic byly zohlednény pouze
vjejich bezprostiednim okoli. Pro mapy ro¢niho
resp. zimniho praméru bylo pouZito 19 resp. 25
venkovskych (bez rozliseni na pozadové a pri-
myslové) a 25 méstskych a predméstskych po-
zad'ovych stanic. Vysledky méfeni 5 resp. 2 do-
pravnich a 6 primyslovych stanic byly zohled-
nény pouze v jejich bezprostifednim okoli (tab. 8,
Ptilohal).
V poctech stanic jsou zahrnuty i zahrani¢ni (né-
mecké a polské) stanice, které byly pii tvorbé
nékterych map pouzity.
Pro slouceni méstské a venkovské vrstvy bylo
pouzito mezi klasifika¢nich intervalt (kap. XII): a1
=200 obyv.km~, a2 = 1000 obyv.km . Pro slou¢eni
pozad'ové a dopravni vrstvy bylo pouZzito mezi
klasifikaénich intervald (kap. XII): t1 = 0.5
trok 'km? 12 = 2.5 trok .km (pro mapy PM,,
aPM,,), resp. tl = 12 = 10 t.rok .km (pro mapy
NO,,NO, a O,), pficemz pro mapy PM,,a PM, ; byly
pouzity emise tuhych znecist'ujicich latek (TZL),
zatimco pro mapy NO,, NO, a O, byly pouzity emise
NO,.!

Tab. 1 Parametry map PM1o
Tab. 1 Parameters of PM19 maps

ground stations. The results of measurements at 6
traffic and 6 industrial stations were taken into
account only in their immediate vicinity. The
maps of the annual or winter averages were
constructed using 19 and 25, resp., rural (without
distinguishing background and industrial) and
25 urban and suburban background stations. The
results of measurements at 5 and 2, resp., traffic
stations and 6 and industrial stations were taken
into account only in their immediate vicinity (Tab.
8, Annex1).

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

The urban and rural layers were combined using the
limits of the classification intervals (Chap. XII): o.1
= 200 inhab.km”, a.2 = 1000 inhab.km". The back-
ground and traffic layers were combined using the
limits of the classification intervals (Chap. XII): t1
= 0.5 tp.akm” 12 = 2.5 tp.akm’ (for PM,, and
PM, ,maps), ortl =12 =10t.p.a.km” (for NO, NO,
and O, maps), where the PM,, and PM, ; maps were
based on SPM emissions, while the NO,, NO, and O,
maps were based on NO, emissions.!

Linearni regresni model + Rocni primeér 36. nejvyssi denni primér
interpolace rezidui Annual average 36th highest daily average

Linear regression model + venkov méstské pozadi doprava venkov méstské pozadi doprava

interpolation of residuals rural areas | urban background traffic rural areas | urban background traffic
¢ (konstanta / constant) -1.4 -23.8 -14.2 -9.7 -62.7 -33.5
a1l (model EMEP) 4.26 3.62 9.71 7.33
a2 (model CAMx) 3.57 4.01
a3 (nadmorska vyska / altitude) | -0.0064 -0.0166
range [km] 50 13 3 35 15 5
nugget 1 0 0 2 0 0
partial sill 5 15 11 34 87 40
vaha / weight IDW 1 1
RMSE [ug.m-3] 2.1 3.1 3.7 5.4 7.5 6.7
relat. RMSE [%] 1 13 14 15 16 13

1'U plognych map NO2 a NOx byla dopravni vrstva pouZita pouze ve
méstech, zatimco mimo mésta byla v Uzemich s emisemi NOx > 10
t.rok-1.km-2 pouzita vrstva ze v§ech méstskych, pfedmeéstskych,
venkovskych a dopravnich stanic.

1 For the spatial maps of NO2 and NO, the traffic layer was used only
in cities, while outside of cities in territories with NOx > 10 t.p.a.-1.km-2
the layers were used from all the urban, suburban, rural and traffic
stations.
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Tab. 2 Parametry mapy PM2,5
Tab. 2 Parameters of PM2.5 map

: : ) Rocni prameér / Annual average
Linearni regresni model + interpolace rezidui = = =
Linear regression model + interpolation of residuals venkov méstske pozadi doprava
rural areas urban background traffic
¢ (konstanta / constant) -0.8 0.0 0.0
a1 (venkovska mapa / rural map of PM1o) 0.81
a2 (méstska mapa / urban map of PM1q) 0.78
a3 (dopravni mapa / traffic map of PM10) 0.71
range [km] 120 20 2
nugget 1.4 1.3 0
partial sill 0 0 3
vaha / weight IDW 1 1

Tab. 3 Parametry mapy benzo[a]pyrenu
Tab. 3 Parameters of benzo[a]pyrene map

Roc¢ni pramér / Annual average
Linearni regresni model + interpolace rezidui
Linear regression model + interpolation of residuals venkov mestské pozadi
rural areas urban background
c (konstanta / constant) -1.52 -2.27
al (model EMEP) 1.63 2.60
a2 (venkovska mapa / rural map of PM1o) 0.086
a3 (méstska mapa / urban map of PM1o) 0.106
range [km] 50 13
nugget 0 0
partial sill 0.11 0.36
RMSE [ng.m-3] >0.5 0.5
relat. RMSE [%] > 60 34
Tab. 4 Parametry map NO2 a NOx
Tab. 4 Parameters of NO2 and NOx maps
Linearni regresni model + NO> — ro¢ni primeér NOy — roéni prdmér
interpolace rezidui annual average annual average
Linear regression model + venkov méstské pozadi doprava venkov méstské pozadi doprava
interpolation of residuals rural areas | urban background traffic rural areas | urban background traffic
¢ (konstanta / constant) 9.3 19.5 38.7 12.2 35.3 92.1
a1 (model SYMOS NOx) 1.72 0.74 1.05 1.93 1.07 2.52
a2 (nadmorska vyska / altitude) -0.01 -0.02 -0.07 -0.01 -0.05 -0.19
vaha / weight IDW 1 1 1 1 1 1
RMSE [pg.m-3] 2.0 3.0 6.7 1.8 7.3 20.8
relat. RMSE [%] 21 16 22 16 26 33

Tab. 5 Parametry map pfizemniho ozonu
Tab. 5 Parameters of ground-level ozone maps

Linearni regresni model + 26. nejvyssi maximalni denni 8hod. pramer expozicni index AOT40
interpolace rezidui 26t highest maximum daily 8-hour average AOTA40 exposure index
Linear regression model + venkov méstské pozadi venkov méstské pozadi
interpolation of residuals rural areas urban background rural areas urban background
¢ (konstanta / constant) 115.7 1508
a1 (nadmorska vyska / altitude) 0.01 1.74
vaha / weight IDW 1 2 2 1
RMSE [pg.m-3] 4.3 5.6 2387 2611
relat. RMSE [%] 4 5 15 18
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Tab. 6 Parametry mapy benzenu
Tab. 6 Parameters of benzene map

. . . Ro¢ni prdmér / Annual average
Linearni regresni model + interpolace rezidui - - -
Linear regression model + interpolation of residuals venkov méstské pozadi doprava
rural areas urban background traffic
¢ (konstanta / constant) 0.48 1.02
a3 (model SYMOS CO) 0.08 0.02
vaha / weight IDW 1 1.1 1
RMSE [ug.m-3] 0.1 0.4 0.3
relat. RMSE [%] 14 29 23

Tab. 7 Parametry map arsenu a kadmia
Tab. 7 Parameters of arsenic and cadmium maps

Arsen — ro¢ni pramér Kadmium — ro¢ni primér
Linearni regresni model + interpolace rezidui Arsenic — annual average Cadmium — annual average
Linear regression model + interpolation of residuals venkov mésta celkova mapa
rural areas cities whole map
¢ (konstanta / constant) -0.59
a1 (venkovska mapa / rural map of PM1o) 0.104
range [km] 100 12 10
nugget 0 0 0
partial sill 0.3 1.5 0.2
RMSE [ug.m-3] 0.4 1.0 0.2
relat. RMSE [%] 39 57 73

Tab. 8 Parametry map SO2
Tab. 8 Parameters of SO, maps

Linearni regresni model + 4. nejvyssi denni prdmér Roéni pramér Zimni primér
interpolace rezidui 4th highest daily average Annual average Winter average
Linear regression model + | yenkoy méstské pozadi venkov méstské pozadi venkov méstské pozadi
interpolation of residuals | ryraf areas | urban background| rural areas | urban background| rural areas | urban background
¢ (konstanta / constant) 14.1 9.29 3.06 2.66 3.98 2.94
a1 (model SYMOS) 5.68 6.14 0.84 1.26 1.07 1.67
vaha / weight IDW 1 1 1 1
range [km] 50 30
nugget 0 0
partial sill 157 52
RMSE [ug.m-3] 7.9 5.8 1.9 1.7 1.9 1.8
relat. RMSE [%] 31 24 42 28 31 24
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