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Evropské stiedisko pro ovzdusi (ETC/ATNI), jehoz soucasti Je
CHMU, je fesitelem projektu “Prostorova imisni data® pro
evropskou agenturu zivotniho prostfedi (EEA). Mezi dtlezité ukoly
tohoto projektu patii jednak rutinni tvorba map znecisténi ovzdusi,
Jednak dalsi rozvoj interpola¢nich metod. Dilezitym prvkem je |
ocenéni nejistoty map. Mapy Jsou nasledn€ pouzivany mj. pro
hodnoceni dopadil na zdravi obyvatel a na vegetaci. Podobny postup
pro tvorbu map znecist'ujicich latek je pouzivan I pfi rutinni tvorbé
Seskych map do grafické ro¢enky CHMU. Pro zpracovani dat je
pouzivan software ArcGIS.

OBECNE SCHEMA

pro tvorbu map a hodnoceni dopadu
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Primarni data: Imisni data naméfena na stanicich (resp. na jejich
zaklad¢ spoctené dlouhodobé parametry), zdroj - databaze
AirBase, ISKO. Veliciny: PM,;,, PM,;5, benzo[a]pyren,

Dopliikkova data: Vystup z rozptylového modelu EMEP (a SYMOS,
CAMX), nadmoiska vySka (GMTED), hustota obyvatel
(JRC, ORNL, CSU), piip. meteorolog. veli¢iny — rychlost
vétru, slun. zareni (ECMWEF), CORINE Land Cover 2012
(EEA), dopravni data (PBL), satelitni data OMI (NASA).
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A. Interpola¢ni metody vyuzivajici pouze data z méricich stamic — predevSim naméfend imisni data

1. Metoda vaZeni prevracenou hodnotou vzdalenosti (IDW) — jednoducha deterministicka metoda
2. Geostatistické metody — vyuZita statisticka struktura imisniho pole; riizné druhy krigingu
analyza dat — napf. typ rozdéleni, prolozeni semivariogramu (vyuzita stand. chyba odhadu, ¢ili RMSE

Geostatistical wizard - Kriging step 3 of 5 - Semivaricgram/Covariance Modeling

Semivariogram
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Obr. 1 Empiricky semivariogram automaticky prolozZeny sférickou
krivkou, AOT40 pro lesy (2017, venkovské oblasti, evropské méritko).

Obr. 2 Histogram hodnot rocniho priméru PM,,, po logaritmické
transformaci (r. 2016, venkovské a méstské oblasti, evropské méritko)

obycejny Kriging — uvazovan statisticky model Z(s) = u + 7(s) + &(S); pouzito prolozeni variogramu:

kde Z (Sl. ) jsou naméfend imisni data, i=1,..N; Z (So ) je interpolovana hodnota; N je pocet pouzitych stanic;

Agy ..oy Ay JSOU Vahy spoctené na zékladé odhadnutého semivariogramu.

obycejny cokriging (pouzity doplinkové parametry), lognormalni kriging, lognormalni cokriging
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Obr. 3 Pole 90.4 percentilu 24hod.
koncentraci, PM,,, Evropa, 2016

HODNOCENI DOPADU

Expozi¢ni tabulky - imisni mapy
jsou kombinovany s gridem

hustoty populace v ramci rozliseni [

1x1 km?. V pripadé znecistujicich
latek PM,,, PM, . a NO, je
zohlednovano osidleni

v oblastech silné zatizenych
dopravou pomoci dopravni
mapove vrstvy a dopravnich dat.

=> nasledn¢ odhad dopadu na
zdravi

B. Kombinace namérenych a dopliitkovych dat — doplnkova data poskytuji plné pokryti:

vystup z rozptyl. modelu, nadm. vySka, meteor. data (sluneCni zareni, rychlost v€tru), emise

Linearni regresni model plus interpolace jeho rezidui — interpolace rezidui provadéna

pomoci ruznych imterpol. metod, tak jak jsou popsany v sekci ,,A* (napt. IDW, kriging, ....).

kde

Xi(s0), Xo(50), -
Jjsou parametry lin. regresniho modelu spocteného v bodech méreni na zakladé dat v téchto bodech,

L(sy) =c+a. X (s,)+a, X,(5,)+...+717(5,)

Z (S0 ) je odhadnuta imisni hodnota v bode s,,,

C, d;, dy,

Jsou hodnoty jednotlivych doplnkovych velicinv bode s, ,

1(s) je prostorovdad interpolace rezidui linedarniho regresniho modelu spocteného v bodech meérent .

Porovnani ruznych metod interpolace
- pro venkovska a méstska uzemi zvlast’.

Pomoci crossvalidace (interpolace spoctena

vzdy bez jedné stanice, opak. pro vSechny

body) => objektivni mira kvality metody.

Spocteny ruzn¢ statisticke parametry, zejm.

RMSE (¢im je mensi, tim je odhad lepsi).

RMSE = \/%i(zgsf) —7(s))  kde

Z(s)

N

je naméiena imisni hodnota v i-tém bod¢ (stanici),

je odhad v i-tém bod¢€ pomoci ostatnich stanic,

je pocet stanic.
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Obr. 5 Pole primérné rocni
koncentrace PM,,, Evropa, 2016
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prizemniho ozonu, Evropa, 2016

Ozone, 93.2 percentile of max. daily 8-h means, exposed population [%]
) Population-
Population <TV >TV .
Country weighted conc.
<90 90-100 | 100-110 | 110-120 | 120-140 >140
[inhbs . 1000] pgm? pgm? pgm? pgm? pgm? pgm? [ug.m?]

Albania AL 2876 9.9 47.9 41.7 0.5 107.7
Andorra AD 72 76.8 22.7 0.5 109.2
Austri AT 8700 0.6 31.1 67.3 11 111.8
Belgium BE 11311 1.8 46.7 46.4 5.1 100.2
Bosnia & Herzeg BA 3516 43 90.2 5.6 105.2
Bulgaria BG 7 154 8.7 49.2 39.7 2.3 0.0 98.7
Croatia HR 4191 0.9 53.5 42.7 3.0 109.5
Cyprus cY 1184 33 80.1 14.8 1.8 105.0
Czechia Ccz 10554 9.2 90.5 03 114.7
Denmark DK 5707 1.0 91.1 7.8 0.0 95.3
EE 1316 16.8 82.7 0.5 92.6
Finland FlI 5487 54.9 45.1 0.0 88.8
France (metropolitan) FR 64 561 5.7 27.1 38.8 214 7.0 0.0 104.8
Germany DE 82176 1.8 37.1 60.1 1.0 110.7
Greece GR 10784 5.1 241 35.1 35.5 03 115.8
Hungary HU 9830 1.6 90.9 7.5 106.2
Iceland IS 333 100 78.3
Ireland IE 4726 96 39 0.0 84.4
Italy IT 60 666 0.1 33 242 244 29.7 183 122.1
Latvia LV 1969 62.8 344 2.8 99.0
Liechtenst 1] 38 93 7.1 117.3
Lithuania LT 2 889 87.3 12.7 0.0 98.1
Luxembourg LU 576 523 45.1 2.6 99.6
Malta MT 450 89.9 94 0.7 106.5
Monaco MC 38 100 120.2
Monteneg ME 622 144 65.8 19.8 106.3
Netherland NL 16 979 1.2 48.0 443 6.5 100.9
North Macedonia MK 2071 18.0 61.6 16.5 3.7 03 95.2
Norway NO 5211 916 8.4 0.0 84.0
Poland PL 37967 03 5.7 421 51.8 0.0 109.2
Portugal (excl. Az., Mad.) PT 9 839 25 122 53.5 29.6 2.2 107.0
Romania RO 19760 46.5 39.2 137 0.7 0.0 90.4
San Marino M 33 95.5 45 118.0
Serbia (incl. Kosovo*) RS 8 848 29.5 18.3 47.0 53 0.0 96.9
Slovakia SK 5426 0.1 65.0 349 109.0
Slovenia SI 2064 413 55.9 2.7 1119
Spain (excl. Canarias) ES 44 305 3.2 18.4 24.1 41.7 12.7 109.7
Sweden SE 9851 37.9 59.2 29 0.0 90.7
Switzerland CH 8327 44 83.0 11.8 0.8 1173
Turkey TR 78 741 20.8 137 30.6 25.9 8.7 0.2 102.7
United Kingdom (& dep.)  |UK 65 383 93.8 6.1 0.1 84.1
Total 616 531 18.2 15.6 293 28.5 6.6 1.9 1045

33.7 57.8 8.5
Total without Turkey 537 790 178 | 158 291 | 289 64 | 21 104.8

33.6 57.9 8.4
F0.28 505 806 174 | 160 289 | 290 66 | 22 1050

334 57.9 8.8
Kosovo* KS 1772 64.8 16.9 145 3.7 0.0 89.0
Serbia (excl. Kosovo*) RS 7076 20.8 18.6 54.9 5.7 98.9

(*) under the UN Security Council Resolution 1244/99

PM; 5 annual average, exposed population [%] PM,, 90.4 percentile of daily means, exposed population [%] Pop.
Population <LV >LV weighted
Population o | F Population Country <20 | 20-30 | 30-40 | 40-50 | 50-75 | >75
(SR <Lv >Lv weighted [inhbs . 1000] -3 -3 3 3 -3 -3 -3
. Hg.m pug.m ug.m ug.m Hg.m pHg.m [ug.m™1
<5 5-10 | 10-15 | 15-20 | 20-25 | >25 conc. Alb AL 2876 0.0 3.0 10.8 104 49.7 261 622
[inhbs . 1000] pg.m'3 pg.m"" pg.m'3 pg.m"" ug.m"" ug.m'3 [pg.m'3] Andorra AD 72 0.1 0.1 21 88.0 9.7 47.2
Albania AL 2876 0.4 14.9 17.2 30.1 37.4 223 Austri AT 8700 6.8 39.0 50.0 4.1 0.0 30.1
Andorra AD 72 1.8 98.2 12.1 Belgium BE 11311 0.2 7.8 83.7 8.3 34.4
Austria AT 8 700 0.6 18.7 76.6 4.1 12.0 Bosnia & H g BA 3516 0.1 7.0 10.7 7.7 16.8 57.7 81.2
Belgium BE 11311 4.9 86.8 8.3 12.7 Bulgaria BG 7 154 0.2 3.5 8.4 8.4 55.3 24.1 63.4
Bosnia & Herzegovina BA 3516 2.6 15.5 10.5 11.6 59.8 28.7 Croatia HR 4191 0.3 6.8 19.9 11.9 55.1 6.0 54.3
Bulgaria BG 7 154 6.9 7.8 17.8 345 33.0 22.3 Cyprus CcY 1184 11.8 7.0 81.3 54.0
Croatia HR 4191 6.3 24.1 234 24.0 22.2 19.4 Czechia Ccz 10554 0.2 9.4 60.1 21.9 8.4 38.9
Cyprus cY 1184 100.0 13.7 Denmark DK 5707 2.4 96.9 0.7 24.7
Czechia cz 10 554 1.1 23.2 63.2 9.7 2.8 16.6 Estonia EE 1316 45.1 54.9 19.7
Denmark DK 5707 0.8 81.0 18.3 9.2 Finland Fl 5487 85.5 14.5 16.1
Estonia EE 1316 13.3 86.7 5.9 France (metropolitan) FR 64561 5.7 50.5 436 0.2 0.1 28.9
Finland FI 5487 49.4 50.6 5.1 Germany DE 82176 0.9 83.6 15.4 0.1 27.9
France (metropolitan) FR 64 561 0.3 33.0 66.7 10.9 Greece GR 10784 1.7 19.1 324 38.7 8.2 51.7
Germany DE 82176 0.0 9.5 86.7 3.7 11.6 Hungary HU 9 830 0.0 14.5 723 13.2 46.0
Greece GR 10 784 1.2 17.8 39.6 25.5 15.9 19.6 Iceland IS 333 98.7 1.3 16.8
Hungary HU 9 830 13.7 76.5 9.8 17.5 Ireland IE 4726 35.4 64.6 214
Iceland 1S 333 394 60.6 4.8 Italy IT 60 666 04 9.6 38.6 23.2 24.3 3.9 444
Ireland IE 4726 20.9 77.4 1.7 6.8 Latvia LV 1969 17.3 58.8 239 27.2
Italy IT 60 666 0.0 6.6 39.8 28.2 15.5 9.9 16.6 Liechtenstein LI 38 4.1 95.9 25.8
Latvia LV 1969 45.0 36.4 18.7 10.9 Lithuania LT 2 889 2.9 38.0 59.0 30.1
Liechtenstein L 38 12.2 87.8 10.3 Luxembourg LU 576 0.0 82.9 17.1 28.1
Lithuania LT 2 889 253 57.4 17.3 11.8 Malta MT 450 2.5 97 44.7
Luxembourg LU 576 14.2 85.8 11.4 Monaco MC 38 100 36.3
Malta MT 450 100.0 11.1 Montenegro ME 622 0.9 12.6 8.6 11.0 59.3 7.6 54.9
Monaco MC 38 100.0 143 Netherlands NL 16 979 55.2 44.8 29.7
Montenegro ME 622 9.3 13.2 254 36.9 15.1 20.3 North Macedonia MK 2071 0.0 13 2.0 1.6 29.0 66.1 93.0
Netherlands NL 16 979 0.8 99.2 11.3 Norway NO 5211 585 40.0 6.5 19.3
North Macedonia MK 2071 0.5 2.6 2.2 9.8 84.9 34.6 Poland PL 37967 0.0 2.7 24.0 25.7 46.3 13 49.5
Norway NO 5211 38.2 55.4 6.4 59 Portugal (excl. Az., Mad.) |PT 9 839 2.6 62.4 34.3 0.6 0.1 28.6
Poland PL 37967 0.0 15.5 29.5 376 17.4 20.6 Romania RO 19760 0.4 6.8 323 33.0 27.4 43.9
Portugal (excl. Az, Mad.) [PT 9 839 0.2 88.4 11.3 8.3 San Marino SM 33 4.5 63.4 32 39.2
Romania RO 19 760 3.1 33.3 405 22.4 0.6 16.8 Serbia (incl. Kosovo*) RS 8848 0.0 3.1 6.9 8.8 47.4 338 663
San Marino SM 33 1.9 69.8 28 14.3 Slovakia SK 5426 0.0 0.8 50.2 259 23.0 433
Serbia (incl. Kosovo*)  [RS 8848 0.5 8.5 13.1 17.4 60.5 25.1 Slovenia Sl 2064 0.1 101 346 241 31.2 43.4
Slovakia SK 5426 0.0 243 50.8 24.1 0.9 17.6 Spain (excl. Canarias) ES 44 305 3.0 37.0 45.9 124 1.0 07] 328
Slovenia Sl 2 064 3.3 39.4 45.7 11.6 16.0 Sweden SE 9851 452 54.8 0.0 196
Spain (excl. Canarias) |ES 44 305 0.2 37.0 53.9 8.7 0.1 0.0 11.1 Switzerland CH 8327 8.6 59.3 315 0.6 274
Sweden SE 9851 41.9 58.1 57 Turkey TR 78 741 1.5 10.2 8.4 6.2 149 58.8 73.9
Switzerland CH 8327 1.3 33.7 64.5 06 10.1 United Kingdom (& dep.) UK 65 383 9.0 80.7 103 27.1
United Kingdom (& dep.) [UK 65 383 1.9 51.1 47.0 9.5 Total 616 531 e 38-;’8 . Aol g5 11-:1 _ 931 402
Total 537 790 2'224 . 223 48'662 5 138 7f3 3 >4 134 i 53|  418] 285 104 11.5] 25
: . . Total without Turkey 537 790 6.0 140 35.7
1.9 22.7 50.2 14.0 7.6 3.6
EU-28 505 806 46 a2 113 13.1 £U28 505 806 49| 42.9| 295 10.8 10.8] e
88.0 12.0

Kosovo* KS 1772 0.0 8.1 9.7 9.2 73.1 27.1
Serbia (excl. Kosovo*)  |RS 7076 0.6 8.7 13.9 19.4 57.5 24.6 ez . KS 1772 0.0 23 8.0 6.0 15.7 68.0]  73.9
(*) under the UN Security Council Resolution 1244/99 S (9L Rt ) RS 7076 00 BE 527 B2 £l 25 64

(*) under the UN Security Council Resolution 1244/99

OCENENI NEJISTOTY

A. Kfizové ovéiovani (cross-validace)

- ocenéni nejistoty mimo mista méfeni

Pomoci statist. parametra (RMSE), grafi.

B. Prosté porovnani namérenych a odhadnutych hodnot
- nejistota v mistech méreni: je dana jednak shlazenim pii
Interpolaci, jednak plosnym zprimérovanim do gridu.

C. Prostorova mapa nejistot
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Obr. 3 Mapa standardni
chyby odhadu priimérné
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Evropa, 2016
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Obr. 8 Pole roéni priimérné koncentrace benzo[a]pyrenu, Ceskd republika, 2018
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Obr. 9 Pole 36. nejvyssi 24hod. koncentrace PM,,, Ceskd republika, 2018
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Obr. 10 Pole 26. nejvyssiho maximadlniho denniho 8hod. klouzavého priméru koncentrace
pfizemniho ozonu v priméru za 3 roky, Ceskd republika, 2016-2018
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