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Global warming data 11.2023 BIG CHANGE IN EXTREMES
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Earth passed a feared global warming
milestone Friday. at least briefly

Average global temperatures were more than 2 degrees Celsius above a pre-industrial benchmark on Friday, preliminary
data show
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Soucasna opatreni povedou k otepleni Zemé o
2,9 stupné, uvadi zprava OSN

(© 20. listopadu 2023 16:05, aktualizovéno 16:37 O X = @

Nynéjsi podoba klimatickych opatfeni pfijatych zemémi svéta by udrzela otepleni Zemé pod
hranici tii stupidl Celsia, nejpravdépodobnéji 2,9 stupné, oproti dobé pred primyslovou
revoluci, uvadi zprava OSN. Bezmala 200 zemi se pfitom v roce 2015 v Pafizske klimaticke
dohodé shodlo, Ze globaini otepleni omezi na 1,5 stupné a udrzi jej vyrazné pod dvéma stupni
Celsia.
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Climate change — what do we know ?

400 CO2 concentration in atmosphere
over last 800,000 years
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GLOBAL TEMPERATURE SINCE THE LAST ICE AGE
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Extreme cloudbursts

A picture is worth a thousand words. This is why #weather monitoring must be
smart, granular and in real time: 100mm of rain in 1,5 hours on Torino city
center, not a single drop few streets away. #weatherCAM #monitor ...see more
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Recko 6.9.2023

Cludburst intensity increase

Hongkong 8.9.2023

Po pozarech prisly desté. V Recku zabijely
povodné, za den naprselo aZ ptl metru vody

VIDEQ: Voda se prohnala ulicemi. Na Hongkong
dopadl nejsilnéjsi dést za 140 let

<t MWRron okl

Hongkongska observator zaznamenala za hodinu do ptulnoci na ™
patek mistniho ¢asu (18.00 SELC ve ¢tvrtek) 158 milimetr( srazek.

Z ulic se staly nicivé potoky. Privalové desté ve
Spanélsku za sebou zanechaly tfi mrtvé

0O X = Q

Spanélsko _

V souvislosti s boufemi a pfivalovymi desti zemfeli ve Spanélsku tfi lidé, dalsi tfi se pohfesujl.

V pondéli o tom informoval server vefejnopravni stanice RTVE. Silné srazky také zplisobil ’ v, v . v , ;= . ; s v v .
4.902023 rossahle vypadky v Zelezni¢ni dopravéja vpy'znarnne' Skody na majetku. 4 ; * RekOI‘dHI deste Zap]aVIIY bEhem llteI'y ReCkO. V Zeml, ktera v 1E‘te Ceh.la
sérii silnych pozarti, spadlo nejvice srazek minimalné od roku 2006. V
obci Zagora na vychodé zemé naprselo podle deniku Kathimerini za
jediny den pres ptl metru vody. V Athénach to obvykle byva jen 40

centimetri za rok. Lijaky zasahly i ¢ast sousedniho Bulharska a

Turecka, vyzadaly si nejméné devét obéti.



Introduction — Climate Change

Climate change impacts (Europe) Pressure on society

« Warming for 2 (4 degrees) since preindustrial time * Xea_t mlortallity uction |

- Evaporation increase (7% for 1 degree) gricuftural production losses
: » Drinking water stress

 Exhaustion of ground water resources

o _ « Economical losses
 Shortages of water supply and irrigation services e Lost of lifes
 Forest fires

* Hurricanes / tornados

« Heavy storm and cloudbursts (resulting in flash floods) ETGAH_'%HN@\SE'EXA}/&EQEE

_?
Climate hazards in selected regions and cities Current

Climate

T

The situation will worsen in future according to Climate models
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Climate Change Impact on Precipitation Extremes
Climate Factor

Climate scenarios (RCP) Climate Factor (dimensionless coefficient of the intensity
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Extreme Rainfalls (clourbursts)

11 'l'l 171
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Ordinary Strong Extreme A picture is worth a thousand words. This is why #weather monitoring must be
<NO5 NO5 < N20 > N20 smart, granular and in real time: 100mm of rain in 1,5 hours on Torino city
65-80% 20-30% 1-5% center, not a single drop few streets away. #weatherCAM #monitor ...see more
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Extreme rainfall:

e >60mm

« 30 to 60 (120) minutes
 Intensity more than 250 I/s/ha
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Clourburst induced Flash Floods
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Valencia: November 30.10-3.11. 20
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Czechia: September 13-16, 2024
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City Adaptation
to Extreme Rainfalls




Stormwater management (SWM)

approaches and application C(B ((B ((\)

] " "Hi
DESTE béiné silné extrémni
CETNOST VYSKYTU 1xza5a méné let 1x za 5-50 let 1x za 50 a vice let
e Standard SWM
PODIL NA UHRNU 65 -80 % 19-34% 1-5%

e City outskirts

napodobit pfirozené ochrana pfed zaplave- ochrana obyvatel a

* Primarily used for new developments L odtokove podminky nim sniZeni vlivu na PV kritické infrastruktury
° H an d l| ng th ep reci P |tat|o nup to N =510 years PROSTREDKY vypar, vsak, zalivka, stokova sit, dofasné nouzové cesty odtoku
Mzi retenéni prostory (napf. ulice)

konjklec

* Non-standard SWM
* Management of runoff waters from extreme rainfalls N=50-100 years
* Climate Change impact
* Used for the city centres
* |Integrated with the urbanistic, landscape, transportation activities (multifunctional use)

Rainfalls x Extreme cloudbursts
 2yearsrain-designrain (design capacity for drainage networks)
“~ *7 -~ ~"3rain-assessmentrainfall (operational capacity of drainage systems)
..... y~-IS rain — extreme rain (drainage cannot cope with such rain)



Handling the runoff Water

Return period of rainfall [years]
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Urban Drainage Services Under Climate Change
City Adaptation Principles

Optimisation of
drainage network
performance

Multifunctional usage

* New places for free time activitites

* Multifunctional blue-grey
& infrastructure
* Increas of recreational value,

biodiversity and local mikro-

climate
new drainage
infrastructure on

surface
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Urban Drainage Services Under Climate Change
City Adaptation Measures

* Cloudburst road represents the option for
drainage of runoff waters on the surface in case of
extreme heavy rainfalls.

* Drainage is redirected to streets designed to cary
water runoff while protecting local infrastructure
and property.

iNn dry weather rainbeds function as green passes through the city. Evaporation
from the plants will provide a cooling effect in pTriads with higher temperatures.

e

During everyday rain the trenches fill with water and provide a dynamicc blue
element in the city.

During cloudbursts the street will function as a cloudburst road and

stormwater will cover the entire road surface on Istedgade. Road profile and

curbs are designgd to keep water from shops anq basements.
|

CLOUDBURST




Selected Interantional Projects
Typical cloudburst solutions




Copenhagen: cloudburst adaptatlon plan

02 July 2011 > 150mm
B RAIN fell in 2 HOURS

3 extreme rainfalls during 2010-2011 (15.8.2010, 2.7.2011, 15.8.2011)
e 30-90 mm in 24 hours

Direct loss 800 mio.EUR (22 mld. Kc)

Indirect and social loss 600 mio.EUR (16 mid.Kc)

Total loss - 1,4 mid. EUR (38 mld Kc)




Climate change adaptation

* Extreme cloudburst rainfall analysis
* Combined with sea levelrise
* Effect on microclimate (hot islands)

* Effect on comfort of life (biodiversity, synergy
with urban transport, safety, accessibility, free
time activities, etc.)

* Solution primarily for city (intravilan) center
* Use of green and blue infrastructure

e Disconnection of storm water

N
1:15000 @R




Cloudburst city adaptation plan
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Technical approach

- Copenhagen Climate Change and Adaption Plan (2012-2013)
- extreme cloudburst analysis
« Combination with sea level rise
. Impact of change of mikroclimate (hot islands)

- Redeni citizens needs for good life "livable cities” (recreation,
biodiversity, synerqgy urban transportation, safety, acceSSIb/I/ty, ")

- Use of green and blue infrastructure

« Technical KPIs

Drainage network will handle 10 years rainfall
Extreme cloudbursts: 1 in 20, 50, 100 years
Water level in streets - 10cm

Climate change factor =1,4

Cut off 20-30% runoff + new multifunctional retentions




Options for City Cloudburst Adaptation

e Cloudburst road — The cloudburst road is recognised by ,V*
L e e cross section shape with elevated curbs. This road is
I—— primarily designed for surface runoff drainage from

cloudburst events. The water is directed to the middle of
" Detention the road to protect the surrounding buildings.

Streeat

e Detention street — detention streets are designed usually
in the middle catchment locations
L. -
" Green street — Green streets are designed usually in the

upstream catchment locations to mitigate amount of runoff

Central Retention Area

Central retention area — The central retention areas (parking
depressions, parks, etc.) are designed if appropriate along
the cloudburst roads to reduce the dimensions of the
cloudburst road.

- Cloudburst pipe — Classical urban drainage option




Copenhagen — City Cloudburst Adapt
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HEAVY RAINFALL SIMULATION RESULTS
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Urbanistic and landscape design
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SONDER BOULEVARD - cloudburst road
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SONDER BOULEVARD - cloudburst road
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NYC - extreme rainfall drainage concept
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Dakar, Senegal
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