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Motivation

World:

* From 2009 - more than 50% of the world's
population living in cities (UN, 2009)

* |less than 0.1% of the Earth’s surface

Europe:

« 2008 - 73% of the population in cities

* mid 21th century - 84%, representing a rise from
531 to 582 millions (UN, 2008)

 In the Czech Republic, a similar change from
73.5% to 83% is projected by the Czech
Statistical Office.

Clearly:

* Quite many atmospheric effects on population
through the urban environment

« Especially thermal extreme weather effects like
heat wave
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Recent challenges in modeling of urban heat island *
Sustainable Cities and Society, Volume 19, 2015, 200—206
http://dx.doi.org/10.1016/j.scs.2015.04.001



What we are (not) talking about ...

Sketch of an Urban Heat-Island Profile
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UHI Project - Development and Application
of Mitigation and Adaptation Strategies and
Measures for Counteracting the Global

Urban Heat Island Phenormer

Connection to the City
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Project PoC CUNI

OP-Prague the Pole of Growth: KK2:

Proof of Concept CUNI — Assessment of Climate change impacts on Prague,
research results commercial potential potential of adaptation and mitigation
at Charles University options

01/2017 — 12/2018
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EVROPSKA UNIE City of Prague

Evropské strukturalni a investiéni fondy ~ 1.5 M of population
Operaéni program Praha — pél ristu CR




Project URBI PRAGENSI

» Urbanization of weather forecast URBI |PRAGENSI

« Urbanization of air-quality forecast (connected to the above)

« Urbanization of climate change scenarios, the tool for efficiency assessment of
adaptation or mitigation measures in strategic development plans

* Hot-spots simulations
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Prague heat island
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Pretel (2010)
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WRF-SLUCM

RegCM-SLUCM  WRF-BEP+BEM

RegCM-CLM4.5

UHI intensity Prague (day vs. night)

Urban area seasonal T2 dif. distribution - day (green), night (red) - Praha Urban area seasonal T2 dif. distribution - day (green), night (red) - Budapest
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Karlicky et al. (ACP, 2018), you can see
our poster here as well (Halenka et al.,
A21L-2878, this morning)
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Atmospheric processes in urban
canopy layer

| Urban Heat Islands: Processes
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Why urban parameterizations

BT (,eméxce : "T;;; . Briza '," \ ‘ . ‘ Mélnické\ g, o ih =7 o X
22 Louny | Slavétin | ) o Vodochod\y\\ : /7 iR Melnlk \ Vielno // 4 Ig‘-f? \\ Al ice - =
P ) = :Straskov(rs) A — e 7 X s
oliby =<’ -7y __Al[\ Penc \ | /‘:_--/ Kropécova — A NN A
: .\ = ! \Vrany | i 2 N\ % Vndice Chotétovs : Bm\ U Kos
Y ) Kmetinéves ||/ oS ooy A otk
> \ Panensky W (54 Slapanice / é ““luzecn. iU Vitava Kly \ /Bys|oe 6d$lnvm—‘ T 3 Luslémch\ ;
Tynec | Klobuky sy T Obistvi g I s e |
= S W Zionice X P _ Cevalice ‘,)l et
RS A Velvary 7 l pi .k =
HofeSovice Trebiz iy | Vietaty % - =
= \ £ = /Vehmsy Neratomce !~ [k orsy | P i
4 7z = dole*na s = !
: ;---._,‘:':‘ ) Kﬁ":};y [Z5e Voda [ Kostelec 3 tae 7 \‘\' ‘
— o /4 Libgice n. \(I
> A1 mburk
NS 16 km'x 10 km,gn.d of¢ reglonal chirrate modeél™

TR

- Klewny
- Buétéhrad :

% ~Libeznice | St. Boleslav Celékovnce
. g Prerov

Kostom!aty n.L.
Loz

Sadska

" Roztoky. Chyava |-

ropmma | Nizbor :
Do = Hyskov . Lodénice
-Beroun
| Broumy 18
Kublov, Kraliv [
= Dvr Dobiichovice
Zdice Sel St W . : — ( .
- o N Jilovists - ; Vel. \ =
i(Jen - Revnice B Kamenice Popovice Zm‘i’ Son ’
Zebrak A : 7 ) 4 ¢ Vi 7 Davle “Jilove < Ondfsjov £ Uhlﬁ"ské‘
< Mnisek 74 2 7 .u Prah P { — = Janovice
> = 4 Brd LiSnice);, P u Erany ySely 4
’ e P. Droy; J " Hradistko <4 ] 7= ¢ “o\_ -7 Sazava
vy Locmvu.;g b= { TN ;Ci,sovice 2 »‘ 7 Wnloe Sdzava ’: 47
/ 7 Kytin " J/Nves | ; LN Z
A / 0 B\ 213/ p. Plesi Krtlany 7 SN npgl_\\*\ § =]
N7 ! e~ Vaznice S Co NI sobshrdy, >
Hostomloe < = ] 4
Horowcg ( /.24 / : AT s “ Tynec / / ‘ g S Ces. Stemberk Y i v Zbrasiay
Komérov : / R M. Hrastice _Slapy. ¢ “'n.Saz._ J’[ I; e e 2 cesti
L) o / / < R o R Ok
_ dince 14 ‘ -~ /.v BeneSov Divisovih. =7 *7 %[5 Kacov
Zajetov . N. Knin' / 2 WA Struharov e o7y , i
- V 2 ? . W 2 > LGS Zrue 7
o 2z 4 & & 10 1zkm [ ‘ Chohlsf(o - 2 . Neveklov ;/t- 28 ‘%\‘n_ Saz. Lia




Even further in very high-resolution
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Modeling atmospheric process in urban canopy

 BULK — no special parameterization, but
recognizing the land-use type (albedo,
emissivity and other land surface
parameterizations)

 SLUCM - single-layer urban canopy model

« MLUCM — multi-layer urban canopy model

« BEP-BEM - building environment
parameterization — building energy model
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Urbanization of weather forecast an'ﬁsjetﬁ\

e urbanized weather prediction based on very high resolution simulations
(WRF, 1 km) with localised urban parameters for individual parts of the
city

e to provide more detailed information for warnings, planning of the
activities of population, planning of the services to adapt and mitigate
the effects of urban heat island

e to provide the tool for the assessment of the potential of measures for
adaptation and mitigation adopted in Strategic City Development Plan
in selected case studies
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WRF forecast mode with SLUCM (3km)




Temperature [°C]

WRF forecast mode with SLUCM (3km)
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Winter case study

Anthropogenic heating sensitivity
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April 2018 - observation comparison
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Present situation
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Urbanization of air-quality forecast ﬂ(mghaﬁ\

e air quality prediction based on urbanized weather forecast (role of
mixing layer height, wind velocity, temperature, etc) using coupled
simulations of WRF and CTM in very high resolution simulations of 1 km
with localised urban emissions

e to provide more detailed information for warnings, planning of the
activities of population, planning of the services to adapt and mitigate
the effects of urban environment

e to provide quasi-operationally the tool for the assessment of the
potential of regulatory measures, esp. for transportation, for mitigation
of concentration exceedances
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PM2.5 urban effect
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Urbanization of climate change JM_\
scenarios URBI | PRAGENSI

e urbanization of climate change scenarios results from CMIP and
EuroCORDEX available simulations

e urbanized simulations for dynamical downscaling of selected climate
change scenarios simulations in very high resolution simulations (3 km)
with localised urban parameters for individual parts of the city

e to provide the tool for the assessment of the potential of measures for
adaptation and mitigation adopted in Strategic City Development Plan
in long term perspective, together with air-quality issues
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Hot-spots simulations Mﬂ\.‘mﬁ\

e LES tools for more detailed assessment of selected hot-spots in the city
(PALM), at scale of individual streets, blocks, ...

e connected with air-pollution transport, option to run quasi-operationally
connected to urbanized weather and/or air-quality prediction

e to provide the tool for the assessment of the potential of measures for
adaptation and mitigation the harmfull effects at selected locations
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Conclusions M(ﬁ\,mﬁ\

e Urban surfaces have significant impact on the meteorological conditions and climate
in Central Europe, with increasing effects on population and up-to-date science can
to catpture it

e Urban heat island effect clearly identified in simulations as well, mainly during
summer and nighttime, especially significant under extreme weather like heat wave

e High-resolution achieved the city’s scale, no excuse to neglect it, localized
simulations, weather prediction for cities, with extreme events for adaptation or
mitigation options can be done

e Higher complexity parameterization necessary to capture the effects fully, which
might be important e.g. for air-quality issues

Proof of concept and further more detailed assessment within the project URBI
PRAGENSI, topic taken to CORDEX activity platform — possibly planning FPS
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