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PaŚ²ģsk§dohoda o glob§ln²msniģov§n²emis²sklen²kovĨch

plynŢnabyla ¼ļinnostilistopadu 2017. Jej²mz§klademje udrģet

glob§ln²oteplov§n²co nejbl²ģehranici 1,5 stupnŊCelsia ve

srovn§n²s pŚedindustri§ln²®rou. Ze 195 signat§ŚŢji dosud

ratifikovalo 147, vļetnŊĻ²ny,Indie a USA, tedy zem²,kter®

produkuj²nejv²ceemis²sklen²kovĨchplynŢ.

Nov§klimatick§dohoda by mŊlav roce 2020 nahradit Kj·tskĨ

protokol z roku 1997. NaplnŊn²mKj·tsk®hoprotokolu mŊlybĨtv

letech 2008 aģ2012 sn²ģenycelkov®svŊtov®emise oxidu

uhliļit®hoa dalġ²chsklen²kovĨchplynŢv prŢmŊruo 5,2

procenta v porovn§n²s rokem 1990.

Sv®hoc²levġakprotokol nedos§hl. Podle zpr§vyProgramu

OSN pro ģivotn²prostŚed²z roku 2012 se koncentrace

sklen²kovĨchplynŢod roku 2000 naopak zvĨġilaasi o 20

procent.

Zdroj: https://zpravy.idnes.cz/trump-odstoupeni-klimaticka-

dohoda-ekonomove-pracovni-mista-pts-

/zahranicni.aspx?c=A170601_125024_zahranicni_ert

Climate Change
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Global warming data 11.2023

+ 2,06 celsius



(74) World Meteorological Organization: Overview | LinkedInYear 2022

https://www.linkedin.com/company/world-meteorological-organization/?miniCompanyUrn=urn%3Ali%3Afs_miniCompany%3A50533


Climate change тwhat do we know ?





Extreme cloudbursts



Cludburst intensity increase
Hongkong 8.9.2023
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Introduction ï Climate Change 

Climate change impacts (Europe)
ÅWarming for 2 (4 degrees) since preindustrial time

ÅEvaporation increase (7% for 1 degree)

ÅExhaustion of ground water resources

ÅShortages of water supply and irrigation services

ÅForest fires

ÅHurricanes / tornados

ÅHeavy storm and cloudbursts (resulting in flash floods)

The situation will  worsen in future according to Climate models

Pressure on society
Å Heat mortality

Å Agricultural production losses

Å Drinking water stress

Å Economical losses

Å Lost of lifes



Climate Change Impact on Precipitation Extremes
Climate Factor

+15%

+20%

Climate  scenarios  (RCP)

Climate  models  (RCM, GCM)

Climate  Factor  (dimensionless coefficient  of the intensity 
increase)

+30%

2050

2080

2100



Extreme Rainfalls (clourbursts) 

Extreme rainfall :

Å > 60 mm 

Å 30 to 60 (120) minutes

Å intensity more than 250 l/s/ha

Ordinary
< N05

65-80%

Strong
N05 < N20

20-30%

Extreme
> N20
1-5%



Clourburst induced Flash Floods
Valencia: November 30.10-3.11. 2024 Czechia:  September 13-16, 2024



City Adaptation 
to Extreme Rainfalls



Stormwatermanagement (SWM)
approaches and application

ÅStandard SWM
ÅCity outskirts
ÅPrimarily used for new developments
ÅHandling the precipitation up to N=5-10 years 

ÅNon-standard SWM
ÅManagement of runoff waters from extreme rainfalls N=50-100 years
ÅClimate Change impact
ÅUsed for the city centres
ÅIntegrated with the urbanistic, landscape, transportation activities (multifunctional use)

Rainfalls x Extreme cloudbursts
Å2 years rain тdesign rain (design capacity for drainage networks)
Å10-15 years rain тassessment rainfall (operational capacity of drainage systems)
Å15-100 years rain тextreme rain (drainage cannot cope with such rain)



Handling the runoff Water

Green infrastructure - BGI

Grey infrastructure  ς   urban drainage networks

Blue resillient infrastructure

R
e
tu

rn
 p

e
ri
o

d
 o
f 
ra

in
fa

ll 
[y

e
a

rs
]

Rainfall Intensity [mm]

1

10

100



Urban Drainage Services Under Climate Change
City Adaptation Principles

Multifunctional  usage

Å New places for free time activitites

Å Multifunctional  blue-grey 
infrastructure

Å Increas of recreational value,
biodiversity and local mikro-
climate 

Optimisation of 
drainage network 

performance 

new drainage 
infrastructure on 

surface

&+



Urban Drainage Services Under Climate Change 
City Adaptation Measures
ÅCloudburst  road represents the option for 

drainage of runoff waters on the surface in case of 
extreme heavy rainfalls.

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



Selected Interantional Projects
Typical cloudburst solutions



Copenhagen: cloudburst adaptation plan

3 extreme rainfalls during 2010 - 2011 (15.8.2010, 2.7.2011, 15.8.2011)

Å 30 -90 mm in 24 hours
Å Direct loss 800 mio.EUR (22 mld . Kc)
Å Indirect and social loss 600 mio.EUR (16 mld.Kc )
Å Total loss - 1,4 mld . EUR (38 mld Kļ)



ÅExtreme cloudburst rainfall analysis

ÅCombined with sea level rise

ÅEffect on microclimat e (hot islands)

ÅEffect oncomfort of life (biodiversity, synergy 
with urban transport, safety, accessibility, free 
time activities, etc.)

ÅSolution primarily for city (intravil an) center

ÅUse of green and blue infrastru cture

ÅDisconnection of storm water

Climate change adaptation 

A

B
C



Cloudburst city adaptation plan



ÅCopenhagen Climate Change and Adaption Plan (2012 - 2013)

Åextreme cloudburst analysis

ÅCombination with sea level rise

ÅImpact of change of mikroclimate (hot islands)

Åřeġen² citizens needs for good life òlivable citiesò( recreation, 
biodiversity, synergy urban transportation, safety, accessibility, .. .)

ÅUse of green and blue infrastructure

ÅTechnical KPIs 

ÅDrainage network will handle 10 years rainfall

ÅExtreme cloudbursts: 1 in 20, 50, 100 years

ÅWater level in streets - 10cm

ÅClimate change factor =1,4

ÅCut off 20 -30% runoff + new multifunctional retentions

Technical approach



Options for City Cloudburst Adaptation
Cloudburst road ς ¢ƘŜ ŎƭƻǳŘōǳǊǎǘ ǊƻŀŘ ƛǎ ǊŜŎƻƎƴƛǎŜŘ ōȅ α±ά 
cross section shape with elevated curbs. This road is 
primarily designed for surface runoff drainage from 
cloudburst events. The water is directed to the middle of 
the road to protect the surrounding buildings. 

Detention street ς detentionstreets are designed usually 
in the middlecatchment locations 

Green street ς Green streets are designed usually in the 
upstream catchment locations to mitigate amount of runoff.. 

Central retention area ς 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 ς Classical urban drainage option



Copenhagen т City Cloudburst Adaptation Plan



FIRST RESULTSHEAVY RAINFALL  SIMULATION  RESULTS



Urbanistic and landscape design


