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Tepelnd zranitelnost mésta a jeho uzivateld.
Heat vulnerability of the city and its users.
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Kontext/ Context



A Clty IS NOt a Tree ale Semi-Lattice (polosvaz), resp. Complex Network, resp. Fractal Structure

Serge Salat, ,,Cities and Forms* .""



Meésto je/ A City is ...

® socialni a prostorova entita / social and spacial entity

@ vicevrstva fraktdlova struktura, kterou je nutné prizplsobit novym technologiim / multilayered fractal
structure which has to be adjusted to new technologies

@® mistem potkavani lidi, prolindni mist a vystavénych prvk(l a mezer / people ‘s meeting place, intersection
of places and built structures and voids.

® energeticky efektivni a udrzitelné pokud dobfe funguji propojeni / energy efficient and sustainable when
connections function well

Mésto neni/ A City is NOT ...

® Le Corbusierovym nebo klimatickym and energetickym strojem/ Le Corbusier or climate and energy
machine



6 urovni morfologie meésta/ 6 levels of city morphology

g £ LN

-
Serge Salat, ,,Cities and Forms* .'

Lidé a aktivity (mésta jsou mistem interakce a aktivit)/ People
and activities (cities are places of interactions and activities)
Sit ulic a silnic (propojuji aktivity)/ Street and road network
(connecting activities)

Déleni pozemkd (ovliviiuje vystavéné prostredi)/ Land division
(affects the built environment)

Topografie a reliéf (ovliviiuje stopu ulic)/ Topography and relief
(affects street footprint)

Vyuziti plidy a distribuce aktivit (ovliviiuje tok lidi, energie a
organizaci prvk( vystavéného prostredi)/ Land use and
distribution of activities (affects the flow of people, energy and
the organisation of built environment elements)

3D model mésta se zohlednénim vétru, slunec¢niho zareni,
znecisténi a teploty/ 3D city model taking into account wind,
solar radiation, pollution and temperature




Zmeéna klimatu/ Climate change

CO2 emissions

radiation

Consumption and Resources of Energy

Matural gas
TESOCRS

Ol resources

Coal resources

Uranium resources

Salar anedgy
irradiated during
ane year onks tha

surface ol the earth

Global R

Solar radiation

adiaticy in R

Energy flux by
evaporation
during one year
{latent heat)

Marco Schmidt, Global climate change: the wrongegmeter

Deforestation
350 km?/den

Urbanization
Evaporation 67 km?/day
(Latent Heat Flux)
World's energy
consumption
of ane year

Solar energy
iradiated during

one year onte tha
surface of the Earth



Maly a velky vodni cyklus/ Small and large water cycle

prenos v ramci
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) velkeho vodného cyklu
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[ maly )
L vodny , vypar

cyklus

—> velky vodny cyklus ™ pevnina
{ 1 maly vodny cyklus ocean

-
Ing. Michal Kravcik, CSc., Voda pre ozdravenie kll'r%llové vodna paradigma



Dopad klimatickych zmén a extrémnich klimatickych jevlli na majetek a lidské zivoty/
The impact of climate change and climate extremes phenomena on property and human lives

Ros'ouc' ,oplo'y

American Public Health Association



OSN - cile udrzitelného rozvoje/
UN - Sustainable Development Goals
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Mitigace a adaptace na zménu klimatu /
Mitigation and Adaptation to climate change

Mitigace/ Mitigation

® Zmirméninebo zpomaleni klimatické zmény/
Mitigation or slowing down the climate change

® Uspora energie/ Energy saving

® vyroba zelené energie/ Green energy production

® Redukce vypousténi sklenikovych plynd/ Reducing
greenhouse gas emissions

Resilience = odolnost

@® schopnost systému vstfebat rusivé podnéty nebo
jim Celit, popfipadé odolavat strestim tak, aby
systém zlstal ve stejném stavu, zachoval si svoji
strukturu a funkce/ the ability of a system to
absorb or resist disturbing stimuli or stresses so
that the system remains in the same state and
retains its structure and functions.

Adaptace/ Adaptation

Prizplsobeni se nezvratitelnym zménam klimatu a
extrémnim situacim/ Adapting to irreversible
climate change and extreme situations

Strategie EU a CR pro pfizplsobeni se klimatu
(Adaptacni strategie)/ EU and Czech Republic
Climate Adaptation Strategy (Adaptation Strategy)
Multisektorovéa opatieni pro CR/ Multisectoral
measures for the Czech Republic:

O
O

©)
O

Dlouhodobé sucho/ Long-term drought
Povodné a pfivalové povodné/ Floods and flash
floods

ZvySovani teplot/ Rising temperatures

Extrémni meteorologické jevy/ Extreme weather
events

Pfirodni pozéry/ Natural fires



Zvyseni resilience pomoci mestskéeho
planovani/ Enhancing resilience through
urban planning



Proc je potreba akce?

W Intenzivni urbanizace/
Intensive urbanisation

Vysoka frekvence a
intenzita tepelnych vin/
High frequency and
intensity of heat waves

Vysoka energeticka spotfeba/
High energy consumption

Discomfort zplsobeny tepelnym
stresem/ Discomfort caused by
heat stress

Zdravotni rizika/ Health risks

Spatna kvalita ovzdusi/ Poor
air quality

Nizkd produktivita/ Low productivity



3 kroky k resilienci = odolnosti/
3 steps to resilience

C ] G
Navrhnout reseni/ Simulovat scénare/
Propose a solution Simulate scenarios
Doporuceni pfirodné blizkych Hodnoceni dopadt navrhi
feSeni/ Recommendations for pomoci mikroklimatickych
natural based solutions simulaci/ Impact assessment of
.‘ proposals using microclimatic

"' simulations



Viden - Identifikace ohnisek/ Vienna - Identification of hotspots

Exposure Index / Index expozice (rozliSeni 30x30 m / 1 pixel)
Sensitivity Index / Index citlivosti

Adaptive Capacity Index / Index adaptivni kapacity (rozliSeni 10x10 m / 1 pixel)

Urban Heat Vulnerability Assessment / Hodnoceni urbanni tepelné zranitelnosti




1 Zdroje pro pozorovani Zeméeé/ Earth observation data

.
»

Landsat 8

Sentinel 1 Sentinel 3 Sentinel 5P (5)

Modro-zelend

Tepelné ostrovy mést/  Znecidténi ovzdusi/ Air
Urban heat islands pollution
(Tkm x Tkm)

Detekce pozard .
Monitoring povodni/ |
Fire detection
Flood monitoring

cpelné mapy/ Heat mapg
(30m x 30m)

infrastructure



1 JViden/ Vienna - At-satellite Brightness Temperature (index
expozice/ Exposure Index)




Viden - Index hustoty citliveho obyvatelstva (<14 a >60 let) — index citlivosti/
1 Vienna - Sensitive population density index (<14 and >60 years) - sensitivity index




1 Viden - Index adaptivni kapacity (zelen a voda)/
Vienna - Adaptive Capacity Index (greenery and water)

l ' hanren vegrastoe bumes | EV1 )
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PERCENTAGE OF HEAT VULNERABLE AREAS FOR SUB-DISTRICTS
IN VIENNA, AUSTRIA




Tepelny ostrov — primyslové zény x centrum ve Vidni/
1 Heat island - industrial zones vs centre of Vienna

At-Satellite Brightness Temperature from Landsat 8

/

Ty ’.

4¥s. center| S



Tepelny ostrov mésta — prumyslové zény — Viden/
City heat island - industrial zones - Vienna




Las Vegas, Nevada

Tepelny komfort: Hodnoceni urbdanni tepelné zranitelnosti na
tUzemi mésta Las Vegas/ Thermal comfort: An assessment of
urban thermal vulnerability in Las Vegas

Tepelnd mapa a mapa zelené a vody — satelity/ Heat map
and green and water map - satellites

Zranitelné obyvatelstvo — US census districts/ Vulnerable
populations - US census districts

Statistika urbanni tepelné zranitelnosti jednotlivych

census districts/ Urban heat vulnerability statistics for
every census district

Medium

70,8% .

Mapa ohnisek

\\ he -

Mapa urbanni tepelné zranitelnosti/

Urban the

Zranitelné

obyvatelstvo

AN " =

o |
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Zelen a voda

moP—N\r




Pocet osob
vyuzivajicich
Mapa ohnisek MHD Zelen a voda

MHD Praha

esilientni MHD/ Resilient Public Transport: Hodnoceni urbanni
tepelné zranitelnosti vefejné dopravy v Praze/ Assessment of urban
thermal vulnerability of public transport in Prague

Typické kompozice fesenych zastdvek MHD/ Typical compositions of
assessed public transport stops:

apa urbanni tepelné zranitelnosti
—




1 Smart Border

Smart Border: Hodnoceni urbdnni tepelné zranitelnosti mezindrodni
hranice El Paso (USA) & Ciudad Judrez (Mexico)/ Urban thermal
vulnerability assessment of the international border El Paso (USA) &
Ciudad Judrez (Mexico)

- "Adaptivni
! Kapacita"{;
- Adaptive’

Capacity

— 5. iy Az b

B

Citl?;i&‘t/ 3

Sensitl'\‘?ity__l

1: High Heat
Vulnerability

0:Low Heat
Vulnerability



3 kroky k resilienci = odolnosti/
3 steps to resilience

Identifikovat ohniska/ Simulovat scénare/
Identify hotspots Simulate scenarios
Hodnoceni urbanni tepelné Hodnoceni dopadt navrhi
zranitelnosti/ Urban heat pomoci mikroklimatickych
vulnerability assessment

simulaci/ Impact assessment of
.‘ proposals using microclimatic
o}

' simulations



2 Navrh reseni — opatreni modro-zeleno-bilé
infrastruktury/ Solution proposal - blue-green-white
infrastructure measures

Navrh vhodnych pfirodné blizkych
reSeni uzplsobenych morfologii
meésta k ochlazeni kritickych ohnisek/
Proposal of appropriate nature-based
solutions tailored to the city's
morphology to cool critical hotspots.




Tepelny ostrov mésta a role vody a zelené/
The urban heat island and the role of water and greenery

ﬂ%ﬂ‘ St WAL
m

-
Marco Schmidt, Global climate change: the wronggameter



Strom/ Tree

Bez vody to ale
nefunguje/ But it doesn't
work without water

IEYTRniﬂﬂ PRUOMER UNY 10m NA FRUMET KORUNY STROMU
1uusnuc'i PAREM] B0 DOPADME ZA DEN
400 | VODY 24 DEN 450 kWh SLUNECNI ENERGIE

loo voou| PARY SE wAIE
280 KWh SLUNECH] ENERGIE

FOTOSYNTEZOU
EwvAkou
7 -4 KW

- TO JE MEMNE
NEZ 1 % DoPaDaJdicl
SLUMEEH] ENERGIE

L Pokomy
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2 | Viden/ Vienna - Coole Strassen und Coole Strassen Plus

“Forthe first
time we have a

map that shows us
L hFrarklinsiate where cooling is urgent and
P ria =l allows us to take specific
¢ ::avmplm :':mg.:u measures.”
T R Sy A i e SN .
. 5 3 " .‘w
e " umm:: 3 . ’9" S
to develop an effeci s P ) -\ Bersegasse
climate protection progre ' (s » e 0 8, Schlesinger Platz
at distrcit level” Nt Py 5 7, Kandigasse
R B ] '
-« Mag. Georg Hednreichsberge ) 15, Pelzgasse », ‘ 4, Waltergasse 1
Vit mnad T 6, Civistian Broda-Plets U A Portameis
12. Wolganggasse N SR Panniadhoais , e
41 00 Hardkmathgasse ‘ City Hooll was
Impressed by the
® 23, Putzendopplergasse 4
develaped by the Czech
company ECOTEN.
Rt

Cool Streets Program

518 happy citizens

+8 °C bez opatreniv 2050



Viden/ Vienna — Coole Strassen und Coole Strassen
Plus




Potzdamer Platz, Berlin

40 000 m? zeleny stfech/ 40 000 m2 green roofs
2 550 m?3 ve 4 zasobnicich pro splachovani WC a
pozarni vodu/ 2 550 m3 in 4 tanks for toilet
flushing and fire water

12 000 m? urbanni jezero/ 12 000 m2 urban lake
1200 m2 umélych mokradd/ 1 200 m2 of artificial
wetlands

3 500 m? zadrzeni pfivalovych destl v jezere (30
cm)/ 3 500 m2 torrential rainfall retention in the
lake (30 cm)

Zadrzeni privalovych destl 125 mm/ Retention of
125 mm of torrential rainfall

Marco Schmidt




2 | Stredni skola COPTH/ COPTH Secondary School,
Ceskobrodska 32a, Praha 9

@® Akumulace a ¢isténi Sedé vody ze sprch a umyvadel 1
750 I/den/ Accumulation and purification of grey water
from showers and washbasins 1750 I/day
Vyuziti na splachovéni pisodrli a WC/ Use for flushing
urinals and toilets
Extenzivni zelend stfecha, akumulace destové vody 15
m3/Extensive green roof, rainwater storage 15 m3
Zalévani zelené v¢. popinavych rostlin tvofici stinénf jizni
fasddy/ Watering of greenery including climbing plants
that form a screen on the south facade

@® Dopousténi ze studny max 2 m3/den (pfipadné z fadu
pitnou vodou)/ Discharge from a well max 2 m3/day
(possibly from the drinking water line)




Voda ve mésté/ Water in the city

. .
Y ’u \EF
\\\\\\\\ UCEEB

J0DA TE MESTE

MULTIDISCIPLINARNI PRISTUP X MODRE A ZELENE INFAASTRUNTUAE




Voda ve mésté/ Water in the city
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3 kroky k resilienci = odolnosti/
3 steps to resilience

C ] G
Identifikovat ohniska/ Navrhnout reseni/
Identify hotspots Propose a solution
Hodnoceni urbanni tepelné Doporuceni pfirodné blizkych
zranitelnosti/ Urban heat feSeni/ Recommendations for
vulnerability assessment natural based solutions

3



3 Simulace scénarl — tepelny komfort ¢lovéka/ Simulation
of scenarios - human thermal comfort

Micro-climate components Universal Thermal Climate Index

50 .C sareme Neal siress
il Radiat 40°C v
30 -C Srong heaat stress

Urban

environment 20 'C Moderate heat stress
assesment A ‘ 10 °C  No tharmal stress
0*C

10°C  Slight cold stress

.20°C Moderate coid stress
jl 30°C Stong cold stress
== 40°C Verystrong coid stress
50°C Extreme cold stress



Praha ltalska x Vinohradska

Tepelny comfort/ Thermal comfort

Mikroklimatickd simulace rezidencni oblasti
Vinohrad, resp. kfizeni ulic Vinohradskd a
ltalskd/  Microclimatic ~ simulation  of the
residential area of Vinohrady, or rather the
intersection of Vinohradskd and Italskd streets

Ctyfi scénare pro ovéfent resilience oblasti viici extrémnimu horku/ Four
scenarios to test the resilience of the area to extreme heat:

ol

S a bez stromt v ulicich/ With and without street trees
Barevnost stfech, fasdd a chodnikd (svétla a tmava)/ Colour of roofs,
facades and pavements (light and dark)



Praha ltalska x Vinohradska
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Vysledky/ Results

Stromy vyraznéji a po delsi ¢asovy Usek
ovliviuji Vinohradskou. Zastinuji jizni fasady
domd/ The trees affect Vinohradskd Street
more significantly and for a longer period of

time. They shade the southern facades of the
houses. ‘
A

Vliv barevnosti a strom se v ltalské projevuje

po kratsi ¢asovy Usek/ The influence of color

and trees is manifested in Italian for a shorter

period of time.

v




3 Pardubice

Tepelny comfort/ Thermal comfort

Jezirko/ Zelené stiechy/ Zelené plochy/ Stromy/ Trees
Pond Green roofs Green areas

Yith Blue-Gre n Sranegy

Simulace proudéni vétru demonstruje, ze zdpach z pivovaru
nebude intenzivné pronikat do nové navrzeného Uzemi diky
sprdvné navrzenym bariérovym budovdm/ The wind flow
simulation demonstrates that the odour from the brewery will
not penetrate intensively into the newly proposed area due to
properly designed barrier buildings.

Mikroklimatickd simulace se zohlednénim Modro-zelené infrastruktury, tj. stromd, zelenych strech,
zelenych ploch a jezirka ve stfedu zdstavby predikuje vyznamné snizeni teploty vzduchu a zvySeni
tepelného komfortu pro uzivatele v |été/ A microclimatic simulation considering Blue-Green
infrastructure, i.e. trees, green roofs, green areas and a pond in the centre of the development
predicts a significant reduction in air temperature and an increase in thermal comfort for users in

summer.
-
%!



Zagreb, Chorvatsko
i

Analyza proudéni vzduchu/ Air flow analysis

Simulace rychlosti a sméru proudéni vzduchu v parteru/
Simulation of air velocity and direction in the stalls

Architektonickd studie posuzovaného objektu z hlediska
proudéni vzduchu/ Architectural study of the building

} o ) Identifikace mist vhodnych pro umisteni
under consideration In terms of air flow " zastdvky MHD/ Identification of sites suitable
. | for the location of a public transport stop

4



5 | Solarni potencial strech/ Solar potential of roofs

Hodnoceni dopadajiciho solarniho zafeni na “ / . >\ :
stfechy budov pro stanoveni potencialu vyroby ;
elektrické energie z fotovoltaickych paneld/
Evaluation of incident solar radiation on building
roofs to determine the potential for electricity
generation from photovoltaic panels.




2 | Simulace tepelného komfortu/ Thermal comfort simulation
Profily povrchu a materialy/ Surface profiles and materials

Concrete Grass

Granite

. Surrounding
Glass . Glazing . Buildings
Wood Insulator - Water

Surrounding
Ground

Gravel
Greenroof




Simulace tepelného komfortu/ Thermal comfort simulation

4
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2 | Simulace tepelného komfortu/ Thermal comfort simulation

Teplota vzduchu 13:00 H 01/08
Air temperature 13:00 H 01/08 40 °C

35°C
30 °C
25°C

20 °C

Air Temperature (°C )

1.5e+01 20 25 30 35  40e+01
‘ =

15 °C



2 | Simulace tepelného komfortu/ Thermal comfort simulation

Rychlost vétru 13:00 H 01/08 4 m/s
Wind speed 13:00 H 01/08

3m/s

2m/s

1m/s

1 0m/s




2 | Simulace tepelného komfortu/ Thermal comfort simulation
4m/s

Smeér proudéni vétru 13:00 H 01/08

3m/s

2m/s

1m/s

0m/s




Simulace tepelného komfortu/ Thermal comfort simulation

Pocitova teplota 13:00 H 01/08 45°C
Felt temperature 13:00 H 01/08

40 °C

35°C

30 °C

25°C

20 °C

15°C



ho komfortu/ Thermal comfort simulation

imulace tepelné

S

4
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Uznani a ocenéeni/ Recognition and
awards



Uznani a ocenéni

“For the first time we have a map that shows us where cooling is
urgent and allows us to take specific measures.”

Birgit Hebein, Former Vienna’s deputy major

“A map that highlights the vulnerability of urban areas
to extreme heat to help cities find the optimal location

for heat mitigation strategies” _
The Solar Impulse Foundation

“ECOTEN'’s Vulnerability Map can be used to highlight
areas where people are most vulnerable to heat, and it
can inform government’s plans to protect people’s health
more effectively”
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Dekuji za pozornost !
Thank you for your attention!

Sagnik Bhattacharjee

M 766 772 802
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