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Motivace - Sńıžeńı emiśı a rekonstrukce Legerovy ul.

• EU do 2030 sńıž́ı imisńı limity o polovinu
(Ambiant air quaility directive)
https://environment.ec.europa.eu/

- Nejv́ıce se dopady týkaj́ı dopravńıch hotspot̊u

• Rekonstrukce magistrály p̌redstavená v lednu

- testovaćı doména (Legerova ulice)

- provnáńı s tunelovými experimenty

• Uličńı stromy

- Spojuj́ı náš projekt s tématem setkáńı (populárńı
mitigačńı opaťreńı proti tepelnému stresu)

- Stromy měńı prouděńı a Energetickou bilanci

zdroj: www.praha2.cz 2 / 15
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Ćıle projektu MicroBUS

• nástroj pro hodnoceńı dopravně-emisńıch
scéná̌r̊u - řešeńı tvǒrené mikromě̌ŕıtkovým modelem
PALM s p̌ripravenými otestovanými konfiguracemi
(meteorologie, emise) + postprocessingové nástroje

• Vyhodnoceńı nejistot modelovaných imisńıch
ukazatel̊u na základě porovnáńı s mě̌reńım v
aerodynamickém tunelu (pro doménu Legerova)

• Vytvǒreńı imisńıch map pro scéná̌re - pro sńıžeńı
dopravy, lokálńıch emiśı, urbanistických opaťreńı
apod.
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Doména a fyzický mocel v aerodynamickém tunelu
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Mě̌reńı v aerodynamickém tunelu (ukázka prouděńı)

• Liniový zdroj emiśı uprosťred Legerovy ulice.

• Plošně (s časovým rozlǐseńım) mě̌reny vektory rychlost́ı a
koncentrace pasivńıho kontaminantu metodou PIV
(vysokorychlostńı kamerou).

• Bodově mě̌ren i etan (reprezentant plynných emiśı) rychlým
plamenným ionizačńım detektorem (FFID)

↓ Pouděńı a koncentrace kolem stanice AIM v Legerově ul. ↓
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Výsledky pole koncentraćı v kaňonu ulice
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Ventilace (odvětráńı) uličńıho kaňonu.

• Během Teplotńı inverze koncentrace
polutant̊u a polétavého prachu v ulici roste

• Koncentrace lze sńıžit ventilaćı (odvětráńım)
uličńıho kaňonu vlivem větru

• Particulate Matter (≈ prach, zde PM 10 µm)

• (NO, NO2, p̌ŕızemńı O3 (+VOC))

• Stromy mohou zabránit/pozměnit ventilaci

Transport znečǐstěńı (https://www.london.gov.uk/) 7 / 15



Ale zároveň stromy mitiguj́ı (zḿırňuj́ı) dopady horka

• Městský tepelný ostrov (UHI) posiluje p̌reȟrát́ı
ulic během vln veder (p̌redevńım v centrech měst)

• Vyš̌śı teplota vzduchu (T2m) (nižš́ı pod stromy)

• Vyš̌śı osluněńı povrchu p̌ŕımým i odraženým zá̌reńım

• Jak zahrnout vliv větru (v⃗ chladivý vánek) ?

2023, © Google StreetView

• Universal Thermal Climate Index (UTCI)

= fce(T2m, v⃗ , zá̌reńı) [Fiala et al.2012]

• Stromy mohou sńıžit T2m o ∼ 1◦C

• Stromy mohou sńıžit UTCI řádově ∼ 10◦C

• Silná časo-prostorová variabilita v obou
p̌ŕıpadech redukćı (ve st́ınu)
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Výsledky scéná̌rových simulaćı v Praze–Dejvićıch

• Realistická doména, kde byl PALM už
ďŕıve validován (mě̌ŕıćı kampaň 2021)

- detailńı geografická data (LOD 3)

• 2 nestované domény:

- rodičovská 6× 6 km s rozlǐseńım 10 m
o celkové výšce ∼ 2.9 km.

- vnǒrený potomek 600× 600 m
s rozlǐseńım 1 m a výškou 160 m

• Hlavńı bulvár, severo-jižně orientovaný
poměr výšky ku š́ırče kaňonu: 0.50–0.75.

• Užš́ı ulice, orientovaný cca
severo-západně – jiho-východně
poměr výšky ku š́ırče kaňonu bĺızký 1.0.

domena z [Resler et al.2021] 9 / 15



Scéná̌re ve vnǒrené doméně

• Platanus×hispanica, výška 15 m + š́ı̌rka 10 m • 206/109 stromů s homog. LAD

3 r̊uzná nastaveńı pro uličńı stromy: (a) bez stromů, (b) polovičńı, (c) plná výsadba. 10 / 15



Počátečńı a okrajové podḿınky (synthetické, bĺızké realitě)

• Vybrány 2 r̊uzné dny: letńı (a,d) a podzimńı (b,e)
s reálnou WRF meteorologíı a radiaćı, profily →

Okrajové podḿınky:
p̌revzaté, až na syntetický horizontálńı profil

vstup (Z, JZ, J směr větru), Dirichlet o.p.

U(z) = Uref

(
z

ztop

)0.2
, kde Uref = 3 m/s

výstup (záviśı na směru větru) Radiačńı o.p.

+ Emise:
• ∀ okraj a počátek PM10 = 0 pro eliminaci vneǰśıho vlivu

• Každý pruh v zájmových ulićıch (hlavńı a úžš́ı) má
p̌redepsaný jednotný objemový tok 0.1 µgm−3s−1/grid
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Výsledky - redukce UTCI (v létě)

léto, 15 h [UTC]: plná výsadba polovičńı výsadba
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Výsledky - nár̊ust PM10 (na podzim)

Zhořseńı koncentrace PM10 v ulićıch v porovnáńı se situaćı ”bez stromů”(pr̊uměr) na podzim

[UTC]–směr větru hlavńı, plná hlavńı, polovičńı užš́ı, plná užš́ı, polovičńı

14 h – Z 21% 21% 117% 53%

14 h – JZ 16% 16% 82% 37%

14 h – J 19% 26% 80% 59%
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Závěr a shrnut́ı

• Startuj́ıćı projekt MicroBUS se zamě̌ruje na
scéná̌rové simulace pro dopravńı hotspoty

• Zat́ım proběhla mě̌reńı v aerodynamickém tunelu
pro doménu Legereova

• Stromy blokuj́ı odvětráváńı a měńı E bilanci.

• Změny v tepelném indexu UTCI a koncentraci
PM10 pozorovány pro r̊uzná pokryt́ı stromy.

• Méně stromů může znamenat lepš́ı kompromis
(podobná UTCI, menš́ı r̊ust PM10).

• Stromy v šiřśıch (havńıch) ulićıch jsou prospěšněǰśı.

• Podrobněji: https://doi.org/10.1002/qj.4954
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Děkuji za pozornost.
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Tento výzkum byl podpǒren projekty: MicroBUS (SQ01010181) financovaný TAČR
https://www.microbus.cz

a TURBAN (č. TO01000219) financovaný z Norských fondů a TAČR.
https://www.project-turban.eu
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BACKUP: table with picked times and stratification

Stratification Rib Conditions (times in UTC, local time +02h)
Convective –1.4 original 19 July, 15–16h, summer afternoon, clear sky

end of direct irradiation of the street surface

Residual / close to stable 0.6 original 19 July, 19–20h, summer evening, clear sky
sunset 19:15

Neutral 1 / close to conv. –0.2 original 19 July, 14–15h, autumn afternoon, middle-
altitude clouds
end of direct irradiation of the street surface

Neutral 2 / close to stable 0.4 original 19 October, 16–17h, autumn afternoon, clear sky
sunset 16:02

Stable 5.4 original 19 October, 05–06h, autumn morning, clear sky
sunrise 05:31
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Boulvár (podzim): Západńı v́ıtr
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BACKUP: Navier-Stokes eq. in Boussinesq approx.

Equations for filtered quantities (overbar is omitted):

∇ · u = 0
∂u

∂t
+ (u · ∇)u = − 1

ρ0
∇π −∇ · τττ

for velocity u = ui = (u, v ,w), dry air density ρ0, gravitational acceleration g = −gδi3

modified pressure fluct. π = p + 2
3ρ0e ,

with sub-grid-scale (unresolved) turbulent kinetic energy e

and the residual stress tensor τττ = τij
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BACKUP: Mathematical model II (simplified):

Equations for filtered quantities (overbar is omitted):

∇ · u = 0
∂u

∂t
+ (u · ∇)u = − 1

ρ0
∇π + g

(
Θv

⟨Θv ⟩
− 1

)
−∇ · τττ

∂Θ

∂t
+ (u · ∇)Θ = −∇ · τττΘ + Sources,

where ⟨.⟩ denote a horizontal domain average,

virtual potential temperature Θv = Θ
[
1 +

(
Rv
Rd

− 1
)
qv
]

and ”temperature stress vector”τττΘ = u′′i Θ
′′ (simulated via Kh∇Θ where Kh = f (Km))

+ equation for specific humidity qv + equations for concentrations (passive scalar)
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BACKUP: Turbulent closure (modified Deardorff’s model)

τij = u′′i u
′′
j −

2

3
eδij = −Km

(
∂ūi
∂xj

+
∂ūj
∂xi

)
∂e

∂t
+ ūj

∂e

∂xj︸ ︷︷ ︸
advection

= 2Km
∂2e

∂x2j︸ ︷︷ ︸
diffusion

+ u′′i u
′′
j

∂ūi
∂xj︸ ︷︷ ︸

production

− ϵ

where the local coefficient (sgs eddy diffusivity) of momentum Km ≈ 0.1∆
√
e ,

distance ∆ = min{∆xi} (minimum grid spacing)

and dissipation rate ϵ ≈ 0.93
√
e3

∆ . xi = (x , y , z)
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Boulevard (autumn): W (a–c) 5 h and (d–f) 14 h [UTC]
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