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lll. METEOROLOGICKE
A ROZPTYLOVE PODMINKY

Krom¢ vlastnich zdroji znecistovani ovzdusi vy-
razn¢ ovliviiyji kvalitu ovzdusi meteorologické
podminky. Umoznuji rozptyl znecistujicich Ia-
tek v ovzdusi, maji vliv na mnozstvi emisi z ant-
ropogennich i pfirodnich zdrojt, ovliviluji tvorbu
sekundarnich znecistujicich latek i rychlost jejich
odstranovani z ovzdusi.

Meteorologické podminky v roce 2018

Teplotné¢ byl rok 2018 mimorddné nadnormalni.
Priiméma roéni teplota vzduchu byla na tzemi CR
9,6 °C, coz je o 1,7 °C vyssi nez normal 1981-2010".
Rok 2018 se tak stava nejteplejsim rokem od roku
1961. Béhem roku byly zaznamenany pouze dva mé-
sice se zapornou odchylkou primérné mésicni teploty
od normalu, a to Gnor (odchylka —2,6 °C) a biezen
(odchylka —2,1 °C). Oba tyto mésice hodnotime jako
teplotné podnormalni. V ostatnich mésicich byla hod-
nota primeérné teploty vyssi nez normal a—kromé lis-
topadu — jsou hodnoceny jako teplotné nadnormalni
az mimofadn¢ nadnormdlni. Mimotadné teplé byly
meésice duben (odchylka +4.8 °C) a kvéten (odchylka
+3,2 °C). Mésice leden (odchylka +3,8 °C), cerven
(odchylka +1,7 °C) a srpen (odchylka +3,3 °C) hod-
notime pak jako silné¢ nadnormalni (obr. I1L.1).

Srazkove byl rok 2018 siln€ podnormalni. Primeér-
ny ro¢ni uhrn srazek na tizemi CR ¢&inil 518 mm,
coz predstavuje 76 % normalu 1981-2010. Jedna
se tak o druhy nejsussi rok za obdobi od roku 1961,
va rok 2003. Srazkové uhrny se po vétSinu mesict
roku pohybovaly pod hodnotami normalu. Srazko-
vé mimoradné podnormalni byl listopad, kdy na
tizemi CR spadlo pouze 37 % normélu 1981-2010.
Srazkové silné podnormalni byly meésice duben
(48 % normalu), ¢ervenec (47 % normalu) a srpen
(45 % normalu), jako podnormalni pak hodnotime
unor (37 % normalu). Nadnormalni thrn srazek byl
zaznamendan pouze v prosinci, kdy spadlo 140 %
srazkového normalu (obr. I11.2).

V roce 2018 panovaly v porovnani s dlouhodobym
pramérem 2007-2017 zlepSené rozptylové pod-

Ill. METEOROLOGICAL
AND DISPERSION CONDITIONS

Apart from the respective air pollution sources, air
quality is significantly affected by meteorological
conditions. These conditions enable the dispersion of
polluting substances in the air, influence the amount
of emissions from anthropogenic or natural sources,

and affect the formation of secondary pollutants as

well as the rate of their removal from the air.

Meteorological conditions in 2018

In terms of temperature, the year 2018 was extremely
above normal. The average annual temperature over
the territory of the Czech Republic reached 9.6 °C,
which is 1.7 °C above the normal of 1981-2010".
Consequently, 2018 becomes the warmest year sin-
ce 1961. During the year, only two months were re-
corded having negative deviation from the monthly
temperature normal, namely February (deviation
of —2.6 °C) and March (deviation of —2.1 °C). Both
of these months can be classified as subnormal in
terms of temperature. In other months, the average
temperature was higher than normal and, except for
November; they are rated as above-normal to extre-
mely over the normal. The months of April (deviation
+4.8 °C) and May (deviation +3.2 °C) were extreme-
by warm. January (deviation +3.8 °C), June (deviati-
on +1.7 °C) and August (deviation +3.3 °C) can then
be evaluated as highly above normal (Fig. I1l.1).

Precipitation in 2018 was strongly below normal.
The average total annual precipitation over the
territory of the Czech Republic reached 518 mm, co-
rresponding to 76% of the normal value of the 1981—
2010 period. So, this is the second driest year since
1961, as 2003 remains the year with the lowest pre-
cipitation total (503 mmy). Precipitation totals were
below the normal for most months of the year. The
precipitation was extremely subnormal in Novem-
ber, when only 37% of the 1981-2010 normal was
recorded on the territory of the Czech Republic. The
precipitation was strongly subnormal in April (48%
of the normal), July (47% of the normal) and August
(45% of the normal). The above-average precipita-
tion was recorded only in December, reaching 140%
of the precipitation normal (Fig. I11.2).

1 Standardni klimatické normaly podle WMO jsou pocitany jako
30leté prumeéry teploty, srazek a dalSich klimatickych prvka.
Tyto normaly jsou aktualizovany kazdych 30 let, v souasnosti
je tedy platné normalové obdobi 1961-1990. Vzhledem k pro-
bihajicim klimatickym zménam WMO doporucuje pFepocita-
vat klimatické normaly pro operativni ucely kazdych deset let.
Soucasnym standardnim klimatickym normalem je tedy nor-
mal spocteny za obdobi 1981-2010.

1According to WMO, the standard climate normals are calcu-
lated as 30-year average values of temperature, precipitation
and other climate parameters. The normals are updated every
30 years, so currently the period of 1961—1990 is in validity. In
view of ongoing climate change, the WMO recommends re-
calculating climate normals for operational purposes every ten
years. The current standard climate normal is therefore the
normal calculated for the period of 1981-2010.
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minky, které lze charakterizovat jako siln¢ nad-
normalni. V celorepublikovém praméru se dobré
rozptylové podminky vyskytovaly v 91 % ptipadd,
coz predstavuje 120 % dlouhodobého primeéru. Na
zéaklad¢ hodnoceni ventila¢niho indexu zpriimeéro-
vaného pro jednotlivé kraje a aglomerace se nepiiz-
nivé rozptylové podminky béhem roku vyskytly ve
vsech krajich a aglomeracich (obr. I11.3). Nejcastéji
se dobré rozptylové podminky vyskytovaly v Jiho-
moravském kraji bez aglomerace Brno (93 %) a ve
Zlinském kraji (92 %). Béhem roku byly nejlepsi
rozptylové podminky v kvétnu a v srpnu (100 %),
naopak nejméné ¢asto se dobré rozptylové podmin-
ky vyskytovaly v lednu (87 %), tnoru (82 %), zaii
(83 %), tijnu (81 %) a listopadu (80 %). V lednu
a unoru doslo navic i k vyskytu neptiznivych roz-
ptylovych podminek (obr. 111.4).

Vliv meteorologie na rozptylové podminky

Rozptylové podminky jsou urCeny piedevsim sta-
bilitou mezni vrstvy” atmosféry a rychlosti proudé-
ni v této vrstve.

Cim v&tsi je stabilita mezni vrstvy, tim méné& do-
chazi k vertikalnimu promichavani vzduchu. Sta-
bilita pfitom zavisi na pribe&hu teploty s vyskou.
Pfi nejstabilngjSich situacich teplota vzduchu
s vyskou roste (inverzni zvrstveni) a podminky
pro vertikalni promichavani jsou nejméné ptizni-
vé. V disledku toho dochazi k hromadéni znecis-
tujicich latek v atmosféte a nasledné tedy ke zvy-
Seni jejich koncentraci. Pfi nestabilnim zvrstveni
klesa teplota s vyskou rychleji, nez by odpovidalo
béznym podminkam v atmosféfe. Projevuje se
pak uspotradana termickd konvekce a termicka
turbulence (Bednar 2008). Rychlost a smér veét-
ru ovliviiuje horizontalni rozptyl emisi, coz vede
k jejich rychlejsimu nafedéni. Tim se koncentra-
ce znecistujicich latek snizuji a ovzdusi se rych-
le vycisti. Kromé toho vede silnéjsi vitr k rozvoji
mechanické turbulence, a pfispiva tak k vertikal-
nimu promichavani.

Jedna z moznosti, jak Ciselné vyjadfit rozptylo-
vé podminky, je tzv. ventila¢ni index (VI), ktery
je definovan jako soucin vysky sméSovaci vrstvy
a pramérné rychlosti vétru v ni®. Takto vyjadfeny
ventilaéni index nabyva v podminkach CR zpra-

2Mezni vrstvou oznacujeme ¢ast atmosféry pfiléhajici k zem-
skému povrchu, v niz je v dlsledku interakce se zemskym
povrchem rozvinuta mechanicka a termicka turbulence a do-
chazi v ni k intenzivnimu vertikalnimu pfenosu hybnosti, tepla,
vodni pary a znecistujicich pfimeési.

3 SmésSovaci vrstvou rozumime vrstvu ovzdusi mezi zemskym

In 2018, the dispersion conditions were improved
compared to the long-term average of 2007-2017,
which can be characterized as highly above the nor-
mal. On a national average, good dispersion condi-
tions occurred in 91% of cases, representing 120%
of the long-term average. Based on the evaluation of
the ventilation index averaged for regions and ag-
glomerations, unfavourable dispersion conditions
occurred in all regions and agglomerations during
the year (Fig. I11.13). The most common dispersion
conditions occurred in the South Moravian region
without Brno agglomeration (93%) and in the Zlin
region (92%). During the year there were the best
dispersion conditions in May and August (100%),
while the least frequent good dispersion conditions
were in January (87%), February (82%), September
(83%), October (81%) and November (80%,). In ad-
dition, unfavourable dispersion conditions also oc-
curred in January and February (Fig. 1I1.4).

The effect of meteorology on dispersion conditions

Dispersion conditions are determined primarily by
the stability of the boundary layer” of the atmosphere
and the velocity of flow in this layer. The boundary
layer refers to the part of the atmosphere adjacent to
the surface of the Earth in which, as a consequence
of interactions with the surface of the Earth, mecha-
nical and thermal turbulence is induced and leads to
intense vertical transfer of momentum, temperature,
water vapour and pollutants.

The greater the stability of the boundary layer; the less
vertical mixing of the air occurs. Simultaneously, the
stability depends on the temperature changes with al-
titude. Under the most stable conditions, the air tem-
perature increases with height (inverse layering) and
the conditions for vertical mixing are the least favou-
rable. As a result, pollutants accumulate in the atmos-
phere and consequently their concentration increases.
In unstable layering, the temperature decreases with
height more rapidly than would correspond to normal
conditions in the atmosphere. This is then manifested
in ordered thermal convection and thermal turbulence
(Bedndar 2008). The wind speed and direction affect ho-
rizontal emission dispersion which results in their more
rapid dilution. This reduces pollutant concentrations
and cleans the air quickly. In addition, stronger wind
leads to the development of mechanical turbulence and
thus contributes to vertical mixing.

2 The boundary layer is the part of the atmosphere that is ad-
jacent to the Earth's surface, where the mechanical and ther-
mal turbulence develops as a result of the interaction with the
Earth's surface, resulting in an intense vertical transmission of
momentum, heat, water vapour and polluting materials.
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vidla hodnot od stovek do desetitisic m*.s, pfi-
¢emz hodnoty nad 3 000 m*.s™ oznacujeme jako
dobré rozptylové podminky, hodnoty mezi 1 100
a3 000 m’.s ' jako mirné nepiiznivé a pod 1 100 m*s "'
za nepriznivé. Situace s nepfiznivymi rozptylovy-
mi podminkami neznamena nutné vyskyt vysokych
koncentraci znecistujicich latek. Dulezita je délka
trvani situace, vychozi uroven znecisténi, rozlo-
zeni zdroja a jejich emisi do vrstvy pod inverzi.
Naopak k vyraznému a plos$né rozsdhlému piekra-
covani imisnich limitd dochdzi témét vyhradné za
mirné nepfiznivych a nepfiznivych rozptylovych
podminek. Cetnost vyskytu riiznych typi rozptylo-
vych podminek je vyznamné zavisla na denni dobé
a ¢asti roku.

Vliv meteorologickych podminek na emise

Meteorologické podminky maji nejvétsi vliv na
antropogenni emise z vytapéni. Emise z vytape-
ni jsou stanovovany na zakladé poctu otopnych
dnt a teplot, které se béhem nich vyskytly. Dal-
kové zasobovani teplem je upraveno vyhlaskou ¢.
194/2007 Sb*. Domacnosti s vlastnim spalovacim
zatizenim se chovaji pon¢kud odlisné od central-
nich dodavatelt tepla. Proto se pro ucely této ro-
¢enky na rozdil od vyhlasky povazuji za otopné
ty dny, v nichz primérnad denni teplota v daném
misté klesla pod 13 °C. Teplotni poméry v otop-
né sezon¢ (leden—kvéten, zafi—prosinec) nebo
jeji casti jsou charakterizovany pomoci tzv. de-
nostupiil, tedy souctu rozdild referen¢ni vnitini
teploty a primérné denni venkovni teploty v otop-
nych dnech:

Dtref = z (tref —ta)

otopné
dny

kde D, jsou denostupné, f,, referencni teplota
vnitfniho vzduchu (21 °C) a ¢, je primérna denni
teplota v jednotlivych otopnych dnech. Nize uva-
déné denostupné pro tizemi CR (obr. II1.5 a II1.6)
odpovidaji primérnym hodnotam z vice nez 200
klimatologickych stanic CHMU. Z porovnani ob-

4 Podle vyhlasky €. 194/2007 Sb. se dodavka tepla zahgji
v otopném obdobi (tj. obdobi od 1. zafi do 31. kvétna), klesne-
-li primérna denni teplota venkovniho vzduchu v misté pod
+13 °C ve dvou po sobé nasledujicich dnech a podle vyvoje
pocasi nelze oekavat zvyseni této teploty nad +13 °C v na-
sledujicim dni. Vytapéni se v otopném obdobi omezi nebo pre-
rusi tehdy, jestlize primérna denni teplota venkovniho vzdu-
chu v pfislusném misté nebo lokalité vystoupi nad +13 °C ve
dvou po sobé nasledujicich dnech a podle vyvoje pocasi nelze
oCekavat pokles této teploty pro nasledujici den. Pfi nasled-
ném poklesu primérné denni teploty venkovniho vzduchu pod
+13 °C se vytapéni obnovi.

One of the ways in which the dispersion conditions can
be expressed numerically is in terms of the ventilation
index (VI), which is defined as the product of the mixing
depth of the layer and the average transport wind
speed in it’. Under the conditions in the Czech Repub-
lic, the ventilation index expressed in this way genera-
lly attains values from hundreds up to tens of thousands
m’.s”. where values above 3,000 m’.s” are designated
as good dispersion conditions, values between 1,100
and 3,000 m’.s" are considered slightly unfavourable
and values below 1,100 n’.s ™' as unfavourable. Situa-
tions with unfavourable dispersion conditions do not
necessarily mean occurrence of high pollutant concen-
trations. Important is the duration of the situation, the
starting level of pollution, the distribution of sources,
and their emissions to the layer under the inversion. On
the contrary, substantial and extensive exceeding of the
pollution level limits occurs almost exclusively under
slightly unfavourable and unfavourable dispersion
conditions. The frequency of the occurrence of various
types of dispersion conditions strongly depends on the
time of day and season of the year.

The effect of meteorological conditions on emissions

Meteorological conditions have the greatest effect
on anthropogenic emissions from heating. Emi-
ssions from heating are determined on the basis of
calculation of heating days and the temperatures
that occurred during these days. Long-distance heat
supply is regulated by Decree No. 194/2007 Coll’.
Households with their own heating equipment beha-
ve somewhat differently from central heat suppliers.
Consequently, for the purposes of this yearbook, in
contrast to the Decree, heating days are considered
to be days during which the average daily tempe-
rature at the relevant site decreased below 13 °C.
Temperature conditions in the heating season (Ja-
nuary—May, September—December) or parts thereof
are characterized in terms of degree-days — i.e. the
sum of the differences in the reference indoor tempe-

3 The mixing layer is understood as the layer of air between the
Earth's surface and the lower boundary of the lowest tempera-
ture-blocking layer.

4 According to Decree No. 194/2007 Coll., supply of heat is
commenced in the heating season (i.e. the period from 1 Sep-
tember to 31 May), if the average daily temperature of the out-
door air at the site decreases below +13 °C on two subsequent
days and, according to the development of the weather, an
increase in this temperature above +13 °C cannot be expected
on the following days. Heating in the heating season is redu-
ced or interrupted if the average daily temperature of the out-
door air at the relevant site or location increases above +13 °C
on two subsequent days and, following the development of the
weather, a decrease in this temperature cannot be expected
on the next day. Heating is renewed if the average daily tem-
perature of the outdoor air decreases below +13 °C.
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razku I11.5 a I1.7 je zfejmé, ze vyssi spotieba paliv
v roce 2010 odpovida silné nadnormalnim hodno-
tdm a naopak nizsi spotieba paliv v roce 2014 pod-
normalnim hodnotam denostupi.

Nizké teploty mohou navySovat spalovaci emi-
se z motorovych vozidel, obzvlasté pti studenych
startech (ATEM 2012; Chan et al. 2013; Vojtisek
2013). Na teploté jsou zavislé také emise t€¢kavych
organickych latek (VOC) z rozpoustédel a sklado-
vani a distribuce benzinu. Teplota a fotosyntetic-
ky aktivni slozka slune¢niho zafeni maji vliv na
biogenni emise nemetanickych tékavych organic-
kych latek (napft. isoprenu a terpentt), které ptisobi
jako prekurzor sekundarnich organickych aerosolti
1 ptizemniho ozonu. Vyznamné jsou ptitom hlavné
emise z lesnich porostt (napt. Bednar et al. 2013;
Zemankova et al. 2010). Vitr s rychlosti pfiblizné
nad 4 m.s"' miiZe zplsobovat resuspenzi, tedy zvi-
feni a opctovny vznos jiz sedimentovanych Castic
zpét do ovzdusi. Meteorologické podminky ovliv-
nuji také miru a rychlost vytékavani perzistentnich
organickych latek z pidy, kam se dostaly zejména
v disledku zeméd¢lské ¢innosti.

Vliv meteorologickych podminek na tvorbu
sekundarnich polutant a chemismus atmosféry

Meteorologické podminky, a to zejména teplota,
relativni vlhkost vzduchu a slune¢ni zafeni, pfimo
ovliviiuji chemické a fyzikalni procesy probiha-
jici mezi zneciStujicimi latkami v ovzdusi (napf.
Baek et al. 2004). Vliv meteorologickych podmi-
nek mize byt i nepfimy, napt. v disledku inten-
zivniho promichavani dochézi k nafedéni emito-
vanych latek, a tedy i ke snizeni rychlosti reakei.
Pro prabeh fotochemickych reakei je rozhodujici
slunecni zafeni. V letnim obdobi vysoké teploty
a zejména intenzivni slunecni zafeni pfispivaji
k vysokym koncentracim ptizemniho ozonu (Bla-
zek et al. 2013).

ratures and the average daily outdoor temperatures
on heating days:

Dtref = z (tref —tq)

heating
days

where D, are degree-days, t,.,is the reference tempe-
rature of the indoor air (21 °C) and t; is the average
daily temperature on the individual heating days. The
degree-days given below for the territory of the Czech
Republic (Fig. II1.5 and 111.6) correspond to the ave-
rage values for more than 200 CHMI climatological
stations. It is apparent from comparison of Fig. II1.5
and I1.7 that the higher fuel consumption in 2010 co-
rresponded to highly above-normal levels and, on the
other hand, the lower fuel consumption in 2014 corre-
sponded to subnormal degree-day values.

Lower temperatures can lead to increase of combus-
tion emissions from motor vehicles, especially during
cold starts (ATEM 2012; Chan et al. 2013; Vojtisek
2013). Volatile organic compounds (VOCs) emissions
from solvents and storage and distribution of petrol
also depend on the temperature. The temperature and
photosynthetically active components of solar radia-
tion affect biogenic emissions of non-methane vola-
tile organic compounds (e.g. isoprene and terpenes),
which act as precursors for secondary organic aero-
sols and ground-level ozone. Emissions from fores-
ted areas are especially important (e.g. Bednadr et al.
2013; Zemankova et al. 2010). Wind of a speed above
approximately 4 m.s”' can cause resuspension, i.e.
eddying and repeated lifiing of already settled partic-
les back into the air. Meteorological conditions also
affect the degree and rate of evaporation of persistent
organic substances from the soil, where they were de-
posited mainly through agricultural activities.

The effect of meteorological conditions
on the formation of secondary pollutants
and the chemistry of the atmosphere

Meteorological conditions, especially the tempera-
ture, relative humidity of the air and solar radiation,
directly affect the chemical and physical processes
taking place among the pollutant substances in the
air (e.g. Baek et al. 2004). Meteorological conditions
can also have an indirect impact, e.g. intense mixing
can lead to dilution of emitted substances and thus to
a reduction in the rate of a reaction. Solar radiation
is decisive during photochemical reactions. In the
summer, high temperatures and especially intense
solar radiation contribute to high ground-level ozo-
ne concentrations (Blazek et al. 2013).
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Obr. 1ll.1 Primérné mésiéni teploty vzduchu v roce 2018 v porovnani s normalem 1981-2010
Fig. lll.1 Average monthly air temperature in 2018 compared to the long-term temperature mean 1981-2010
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Obr. 11l.2 Mésiéni uhrny srazek v roce 2018 v porovnani s normalem 1981-2010
Fig. lll.2 Monthly precipitation totals compared to the long-term precipitation mean 1981-2010
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Rozptylové podminky / Dispersion conditions

- dobré / good

I mimé nepfiznivé / moderately poor

I nepiiznivé / poor

o Phehgky kraj

; Jihogesky kraj

Obr. 1113 Skladba dennich priiméra ventilaéniho indexu v krajich a aglomeracich Ceské republiky
Fig. lll.3 Composition of daily averages of ventilation index in regions and agglomerations of the Czech
Republic
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m Nepfiznivé RP / Poor DC ~ m Mirné nepfiznivé RP / Moderately poor DC mDobré RP / Good DC

Obr. lI.4 Cetnosti vyskytu rozptylovych podminek (RP) v jednotlivych mésicich, 2018
Fig. lll.4 Frequency of occurrence of dispersion conditions (DC) by months, 2018
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Obr. lIl.5 Roéni otopné sezony v CR vyjadiené v denostupnich (D21) a jejich priimér za obdobi 1988—2017
Fig. lll. 5 Annual heating seasons in the CR expressed in degree days (D21) and their average for the
period 1988-2018
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Obr. 111.6 Roéni chod denostupnt na izemi CR v otopné sezoné 2018 (I-V, IX-XIl) v porovnani
s primérem 1988-2017

Fig. lll.6 Annual course of degree days in the territory of the CR in the heating season 2018 (I-V, IX-XlI)
in comparison with the average for 1988-2017
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