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XIl. TVORBA MAP ZNECISTENI
OVzDUSi

Smérnice 2008/50/ES o kvalité vnéjsiho ovzdusi
a CistS$im ovzdusi pro Evropu, ktera je promitnu-
ta do Ceské legislativy (mj. vyhlaska ¢. 330/2012
Sb.), vyzaduje, aby kvalita ovzdusi byla hodnocena
ve vSech zdnach a aglomeracich kazdého ¢lenské-
ho statu. Dale vyZaduje, aby primarnim zdrojem
hodnoceni byly vysledky stacionarnich meéteni.
Nameérené koncentrace mohou byt pii tvorbé map
zneCist'ujicich latek doplnény modelovanim a indi-
kativnim méfenim, aby vysledny odhad poskytoval
dostate¢né informace o prostorovém rozlozeni kon-
centraci znecist'ujicich latek v ovzdusi. Pozadavek,
aby stacionarni méfeni byla pouzita jako primarni
zdroj informaci, se vztahuje zejména na oblasti,
v nichz koncentrace znecist'ujicich latek prekracuji
horni mez pro posuzovani. Z divodu jednotnosti
metodiky tvorby map je tento pozadavek aplikovan
pro celé tizemi CR.

Zakladnim zdrojem dat pro tvorbu map znecisté-
ni ovzdusi jsou tedy koncentrace zneciStujicich
latek naméfené na jednotlivych méficich stani-
cich. Méficich stanic je jen omezeny pocet. Kromé
méfenych (primarnich) dat jsou proto pro potieby
mapovani vyuzita i rizna doplikova (sekundarni)
data, ktera poskytuji komplexni informaci o celém
uzemi a zaroven vykazuji regresni zavislost s mé-
fenymi daty. Hlavnim sekundarnim zdrojem infor-
maci jsou modely transportu a rozptylu znecist'uji-
cich latek, které jsou zalozeny na datech z emisnich
inventur a na meteorologickych datech. V CR je
vyuzivan zejména Eulerovsky chemicky disperz-
ni model CAMXx, doplitkové téz Gaussovsky mo-
del SYMOS a evropsky Eulerovsky model EMEP.
Dale jsou to v ptipadé jednotlivych znecistujicich
latek napt. nadmotska vyska ¢i populaéni hustota
(podrobnosti v Ptiloze ). Pfi kombinaci primarnich
a sekundarnich dat je vyuzito jak pfesnosti primar-
nich méfenych dat, tak komplexniho pokryti celé-
ho tizemi daty sekundarnimi. Pfi pravidelné tvor-
bé map pro roc¢enku je pouzivan linearni regresni
model s naslednou interpolaci jeho rezidui. JakoZzto
interpola¢ni metody jsou pouzivany kriging a IDW
(podrobnosti v Priloze I).

Meéstské a venkovské znecisténi ma odlisny cha-
rakter, méstské znecisténi je vlivem emisi obecné
vyssi nez znecisténi venkovské. Vyjimkou je zne-
¢isténi pfizemnim ozonem, u které¢ho je tomu na-
opak. Méstské a venkovské mapy jsou proto tvo-
feny samostatng, vysledna mapa vznika slou¢enim
meéstské a venkovské mapy pomoci gridu populac-
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Directive No. 2008/50/EC on ambient air quality
and on cleaner air for Europe, which is implemented
into the Czech legislation (i.a. Decree No. 330/2012
Coll.), requires that the air quality be evaluated in all
the zones and agglomerations of each member sta-
te. It further requires that the primary source of the
evaluation be the results of stationary measurements.
In the creation of air pollution maps, the measured
concentrations may be supplemented by modelling
and indicative measurements, so that the resultant es-
timate provides sufficient information on the spatial
distribution of the pollutant concentrations in the air.
The requirement to use stationary measurements as
primary sources of information is related especially
to areas in which the pollutant concentrations exceed
the upper assessment threshold. This requirement is
applied for the whole territory of the Czech Republic
to ensure uniformity of the map creation methodology.

The basic source of data for creating air pollution maps
thus consists in the pollutant concentrations measured
at the individual monitoring stations. There are only
a limited number of monitoring stations. In addition to
the measured (primary) data, creation of maps is also
based on the use of various supplementary (secondary)
data, which provide comprehensive information about
the entire territory and simultaneously exhibit regre-
ssion dependence on the measured data. The main
secondary source of information consists in models
of pollution transport and dispersion, based on data
from emission inventories and meteorological data.
In the Czech Republic, mainly the Eulerian chemical
dispersion model CAMx is used, supplemented by the
SYMOS Gaussian model and the European EMEP
Eulerian model. In addition, for individual pollutants,
data are used on the altitude and population density
(for details, see Annex I). Combination of primary and
secondary data is based on both the precision of the
primary measured data and complete coverage of the
whole territory by the secondary data. In regular map
creation for the yearbook, the linear regression model
is used with subsequent interpolation of its residuals.
The kriging and IDW models are used as interpolation
methods (for details, see Annex I).

Urban and rural air pollution have different charac-
ter, in general, urban pollution is affected by emissi-
ons and is generally higher than rural air pollution.
However, air pollution by ground-level ozone, whe-
re conditions are the opposite, is an exception. Thus
urban and rural maps are created independently and
the resultant map is a product of combination of the
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ni hustoty. V pripadé nékterych znecist'ujicich latek
(Priloha 1) je kromé& méstské a venkovské vrstvy
uvazovana je$té vrstva dopravni. Tato vrstva je
slou¢ena s mestskou a venkovskou pozad’ovou vrst-
vou pomoci gridu emisi z dopravy. Pro konstrukei
venkovské mapy jsou jako primarni data pouziva-
na méfena imisni data z pozad’ovych venkovskych
stanic. V piipadé méstské mapy to jsou imisni data
z méstskych a predméstskych pozad’ovych stanic.
U ptipadné dopravni vrstvy to jsou data z doprav-
nich stanic. Vyuzivano je pfitom klasifikace jednot-
livych stanic podle databaze ISKO.

Mapy jsou vytvareny v prostiedi geografickych in-
formacnich systéma (GIS). Jako zdroj dat je vyu-
zivana zejména rela¢ni databaze namérenych imisi
a chemického slozeni atmosférickych srazek ISKO.
Mapy jsou konstruovany v prostorovém rozliseni
Ix1 km, v projekci Gauss-Kriigerova zobrazeni.
Detailni specifikace mapovani pro jednotlivé zne-
Cistujici latky je uvedena v Priloze 1.

Jako podklady pro zakladni geografické a tematic-
ké vrstvy ve standardizované projekci (konformni
Gauss-Kriigerovo zobrazeni) jsou od roku 1994
pouzivany digitalni vrstyy DMU 200, DMR-2,
DMU25 a pozdé&ji ZABAGED. V poslednich letech
jsou pro aktualni vrstvy administrativniho ¢lenéni
vyuzivany podklady poskytnuté CSU.

Mapovani venkovské a méstské
(resp. dopravni) vrstvy

Mapy venkovského a méstského pozad’ového zne-
Cisténi (a pripadné dopravniho znecisténi) jsou
pripravovany zvlast, jsou konstruovany pomoci
kombinace primarnich (métfenych) a sekundarnich
(modelovych a dalsich dopliikovych) dat (Horalek
et al. 2007). Pouzivanou metodikou je linearni re-
gresni model s prostorovou interpolaci jeho rezi-
dui. Tato metodika umoznuje pouziti doplikovych
dat pro celé mapované tizemi. V piipadé, Ze nee-
xistuji vhodna dopliikova data, pouzije se prosta in-
terpolace métenych dat. Odhad je pocitan pomoci
vztahu: (1)

Z(so)=c+a1.X1(s0)+a2.X2(s0)+...+ap.Xp(so)+l7(s0)

kde Z(sy) je odhadnuta hodnota koncentrace

v bodé s,,
Xi(s) jsou rizné dopliikové parametry v bodé

Sopro;=1,2, ...p,

¢, a,, @, ... jsou parametry linearniho regresniho
modelu,
7(so) je prostorova interpolace rezidui linearniho

urban and rural maps using the grid of population
density. For a number of pollutants (Annex 1), the tra-
ffic layer is considered in addition to the urban and
rural layers. This layer is merged with the urban and
rural background layers using the grid of traffic emi-
ssions. The measured air pollution data from the bac-
kground rural stations are used as primary data for
construction of rural maps. Air pollution data from
urban and suburban background stations are used for
urban maps. Data from traffic stations are used for
the traffic layers. Simultaneoushy, the individual sta-
tions are classified according to the AQIS database.

The maps are created using geographic informati-
on systems (GIS). The main data source is the AQIS
relational database of measured emissions and the
chemical composition of atmospheric precipita-
tion. The maps are constructed with spatial reso-
lution of Ix1 km, in the Gauss-Kriiger projection.
Annex 1 gives detailed specification of mapping for
the individual pollutants.

Since 1994, the digital DMU 200, DMR-2, DMU25
and later the ZABAGED layers have been used as
a foundation for the basic geographic and thema-
tic layers in the standard projection (Gauss-Kriiger
conformal projection). In recent years, the basic in-
formation provided by CSO has been used for up-
-dated layers of administrative classification.

Mapping of rural and urban (or traffic) layers

Maps of rural and urban background pollution (and,
where applicable, also traffic pollution) are prepa-
red separately, constructed on the basis of combina-
tions of primary (measured) and secondary (model
and other supplementary) data (Hordlek et al. 2007)
The methodology employed consists in the linear re-
gression model with spatial interpolation of its resi-
duals. This methodology enables the use of supple-
mentary data for the entire mapped territory. Where
there are no suitable supplementary data, simple
interpolation of the measured data is employed. The
estimate is calculated using the relationship: (1)

Z(s,) :c+al.Xl(sO)+a2.X2(sO)+...+ap.Xp(s0)+77(s0)

where Z(s,) is the estimated concentration value
at point s,

Xi(s) are the various supplementary para-
meters at point s, fori = 1, 2, ...p,

G, ay, ... arethe parameters of the linear regre-
ssion model,
n(so)  is the spatial interpolation of the residuals

of the linear regression model at point s,
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regresniho modelu v bodg s, spoctena
na zaklad¢ rezidui v bodech méfeni.

Interpolace je provadéna bud’ pomoci metody va-
zeni prevracenou hodnotou vzdalenosti (IDW),
nebo pomoci obycejného krigingu (specifikace pro
jednotlivé znecistujici latky v Priloze I). Metoda
IDW je jednoducha deterministickd metoda, kdy
vaha jednotlivych méficich stanic v interpolaci
zavisi jen na jejich vzdalenosti od odhadovaného
bodu. Kriging je oproti tomu pokrocilejsi geosta-
tisticka metoda, ktera zohledniuje strukturu imisni-
ho pole. Vyhodou metody IDW ovsem je, ze tato
interpolace respektuje namétené hodnoty v bodech
meéficich stanic. Kriging naméfené hodnoty obecné
nerespektuje. Uréitym feSenim je interpolace po-
moci krigingu, pfi¢emz na jeho rezidua v mistech
meéfeni je jesté aplikovana IDW.

Interpolace rezidui pomoci IDW je pocitana pomo-
ci vztahu

B
o) = T @

1=
‘_
BRSS

kde R(sy) je odhad pole rezidui v bodé s,

R(s) je reziduum linearniho regresniho
modelu v misté méfeni s,

N je pocet okolnich stanic pouzitych pfi
interpolaci,

do; je vzdalenost mezi body s, a s;,

S je vaha.

V piipadé obycejného krigingu je interpolace rezi-
dui pocitana pomoci vztahu

n N n

R(s)) =2 AR(s) pii D A4 =1 3)
i=1 i=1

kde

A, ..., Ay jsou vahy odhadované na zaklade

odhadnutého variogramu (viz nize),

R(s)  je reziduum linearniho regresniho modelu
v misté mereni s,.

Variogram vyjadiuje zavislost mezibodové variabi-
lity na vzajemné vzdalenosti bodi, je mirou prosto-
rové korelace (napt. Cressie 1993). Variogram je
odhadnut prolozenim sférické kiivky empirickym
variogramem, ktery je poc¢itan pomoci vztahu

calculated on the basis of the residuals at
the points of measurement.

The interpolation is performed either using the inver-
se distance weighting method (IDW) or using the or-
dinary kriging (specification for individual pollutants
is given in Annex 1). The IDW method is a simple
deterministic method, where the weight of the indivi-
dual measuring stations in the interpolation depends
only on their distance from the estimated point. On
the other hand, kriging is a more advanced geostati-
stical method taking into account the structure of the
air pollution field. However, the IDW method has the
advantage that this interpolation respects the mea-
sured values in the points of the measuring stations.
Kriging does not, in general, respect the measured va-
lues. A solution lies in interpolation using kriging and
applying IDW to its residuals at the measuring sites.

Interpolation of residuals using IDW is calculated
using the relationship

- R(s,)
. = d,”
i=l =l 7o
R, )= i 0 2)
i=1 dOlﬁ
where R(s)) is the estimate of the field of resi-
duals at point s,
R(s) s the residual of the linear regression mo-
del at the measuring site s,
N is the number of surrounding stations used
in the interpolation,
dy; is the distance between points s, and s,
S is the weight.

For ordinary kriging, the interpolation of the resi-
duals is calculated using the relationship

R =Y AR6) o DA =1 3)

where

A, oo, Ay are the weights estimated on the basis
of the estimated variogram (see below),

R(s)

is the residual of the linear regression mo-
del at the measuring site s,.

The variogram expresses the dependence of the
variability between points on the mutual distance
between the points, and is a measure of the spatial
correlation (e.g Cressie 1993). A variogram is esti-
mated by fitting a spherical curve with an empirical
variogram calculated using the relationship
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1 , (4
=, 3 (R =)
kde
2y.(d) je empiricky variogram pole rezidui,
R(s), R(s) jsourezidua v bodech méteni s, a s,
d; je vzdalenost bodt s, a s,
n je pocet dvojic stanic s, a s, jejichz

vzajemna vzdalenost je /43
0 je tolerance.

Sféricka kfivka a parametry variogramu range,
nugget a sill jsou ilustrovany na obr. XII.1.
Spoctené méstské a venkovské (a pripadné doprav-
ni) vrstvy jsou nasledné slouceny.

Slouc¢eni méstské a venkovské (a pripadné do-
pravni) vrstvy

Pro slouceni méstské a venkovské vrstvy je vyuzi-
vana vrstva populaéni hustoty (Horalek et al. 2007;
De Smet et al. 2011). Slouceni se provadi pomoci
vztahu

Z(s¢) = Z,(s,)

o, -« B o
— 2 (SO) ‘ZV(S)+ (S(])
a, — &, o, — &,
= 214 (SO )
kde
Z(s))  je vysledny odhad koncentrace v bodg s,

Z.(so), Zu(sy)  je koncentrace v bod& s, pro

venkovskou, resp. méstskou mapu,

a(se)

oy, Az

je hustota populace v bodé s,

jsou klasifikacni intervaly  pfislusné
k popula¢ni hustoté (Ptiloha I).

Cely koncept oddéleného mapovani venkovského
a méstského znecisténi je zalozen na predpokladu,
7 2,(50) < Zu(s0) pro vSechny bézné znecist'ujici lat-
ky kromé ozonu, resp. 2.(s0) = Z.(s0) pro ozon. Pro
oblasti, kde tento predpoklad neni splnén, se pouzije
vrstva vytvorena obdobné jako méstska i venkovska
vrstva, nicméné na zakladé veskerych pozad’ovych
stanic, bez rozliSeni na méstské a venkovské.

V piipadé, Ze je u dané znecistujici latky mapova-
no i dopravni znecisténi, pficte se dopravni vrstva
k pozad’ové (sloucené méstské a venkovské) vrstve
za pomoci gridu emisi z dopravy:

- A
—I-ZU (s,) pro/for

1 4
2, =— Y (RGs)-R(s)f
n ijidy=hts
where 2y,(d) is an empirical variogram of the

field of residuals,
R(s), R(s) are the residuals at measuring points s, and. s,

d; is the distance between points s, and s,

n is the number of pairs of stations s, and s,
whose mutual distance is h+o and

0 is the tolerance.

The spherical curve and the variogram range,
nugget and sill are illustrated in Fig. XII. 1.

The calculated urban and rural (and, as appropria-
te, also traffic) layers are subsequently merged.

Merging of urban and rural (and, as appropriate,
traffic) layers

The population density layer is used for merging
the urban and rural layers (Hordlek et al. 2007,
De Smet et al. 2011). Merging is carried out using
the relationship

pro/ for  a(s,) <, (5)

a, <a(s))<a,

pro/for  a(s))=a,

where  Z(so) is the final estimate of the concent-

ration at point s,

Zr(SO)r Zu(SO)

is the concentration at point s, for
the rural or urban map,

OC(SO)

ap, O

is the population density at point s,

are the classification intervals correspon-
ding to the population density (Annex I).

The entire concept of separate mapping of rural
and urban pollution is based on the assumption
that Z,(s)) < Z,(s,) for all common pollutants except
for ozone, where Z,(so) > Z,(s,) for ozone. For areas
where this assumption is not fulfilled, a layer crea-
ted similarly to the urban and rural layers is used;
nonetheless, it is created on the basis of all the bac-
kground stations without distinguishing between
urban and rural stations.

If traffic pollution is also mapped for the relevant
pollutant, the traffic layer is added to the bac-
kground (merged urban and rural) layer using the
grid of traffic emissions:
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2(30) = Zb (s0)
2 1
==Z,(s)+
3 3 20 2T 0
2
g (S 0) + Z (S 0)
kde where
Z(s0) je vysledny odhad koncentrace v bodé s, Z(so)
Zb(so) je koncentrace v bodé s, pro pozadovou )
vrstvu, Zy(so)
7/(s)) je koncentrace v bodé s, pro dopravni vrst- )
vu, Z,(s0)
7(sy)  jsou emise z dopravy v bode¢ s,
7,7, jsou Kklasifika¢ni intervaly pfislusné (o)
k emisim z dopravy (Priloha I). T, Tn

Vyse uvedena funkce je zaloZena na piedpokladu,
ze Zy(so) < Zi(so) pro b&zné znecistujici latky kro-
mé ozonu, resp. Zy(So) > Z,(s,) pro ozon. Pro ob-
lasti, kde tento ptedpoklad neni splnén, se pouzije
pozad'ova vrstva Z,(so).

(6)

pro/for 7(s,)<rt,

.(TZ_T(SO).Z})(S)+W-Z,(SO)J pro/for T, <7(s)) <7,
T, —T T, -7

pro/ for t(sy) =7,

is the final estimate of the concentration at
point s,

is the concentration at point s, for the bac-
kground layer,

is the concentration at point s, for the tra-
ffic layer,
are the emissions from traffic at point s,

are classification intervals corresponding
to emissions from traffic (Annex I).

The above function is based on the assumption that
Zy(so) < Z,(s0) for common pollutants, except ozone,

where
layer

Zy(So) = Z,(so) for ozone. The background
is used for areas where this assumption is

not fulfilled.

y(h)
7 3
(@) s T
° modelova funkce
o © mode/ function
- pozorovani )
observations S'",
(prah)
nugget
(zbytkovy
rozptyl) B range (rozsah) K

vzdalenost / distance (h)

v

Obr. XII.1 Diagram znazorfujici parametry variogramu a prolozenou sférickou kfivku
Fig. Xll.1 Diagram showing the variogram parameters and the fitted spherical function
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