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Pařížská dohoda o globálním snižování emisí skleníkových

plynů nabyla účinnosti listopadu 2017. Jejím základem je udržet

globální oteplování co nejblíže hranici 1,5 stupně Celsia ve

srovnání s předindustriální érou. Ze 195 signatářů ji dosud

ratifikovalo 147, včetně Číny, Indie a USA, tedy zemí, které

produkují nejvíce emisí skleníkových plynů.

Nová klimatická dohoda by měla v roce 2020 nahradit Kjótský

protokol z roku 1997. Naplněním Kjótského protokolu měly být v

letech 2008 až 2012 sníženy celkové světové emise oxidu

uhličitého a dalších skleníkových plynů v průměru o 5,2

procenta v porovnání s rokem 1990.

Svého cíle však protokol nedosáhl. Podle zprávy Programu

OSN pro životní prostředí z roku 2012 se koncentrace

skleníkových plynů od roku 2000 naopak zvýšila asi 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 – what do we know ?





Extreme cloudbursts



Cludburst intensity increase
Hongkong 8.9.2023

Řecko 6.9.2023

Španělsko 
4.9.2023



Introduction – Climate Change 

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

• Evaporation increase (7% for 1 degree)

• Exhaustion of ground water resources

• Shortages of water supply and irrigation services

• Forest fires

• Hurricanes / tornados

• Heavy storm and cloudbursts (resulting in flash floods)

The situation will worsen in future according to Climate models

Pressure on society
• Heat mortality

• Agricultural production losses

• Drinking water stress

• Economical losses

• 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%
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Extreme Rainfalls (clourbursts) 

Extreme rainfall:

• > 60 mm 

• 30 to 60 (120) minutes

• 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



Stormwater management (SWM)
approaches and application

• Standard SWM
• City outskirts
• Primarily used for new developments
• Handling the precipitation up to N=5-10 years 

• 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
• 2 years rain – design rain (design capacity for drainage networks)
• 10-15 years rain – assessment rainfall (operational capacity of drainage systems)
• 15-100 years rain – extreme rain (drainage cannot cope with such rain)



Handling the runoff Water

Green infrastructure - BGI

Grey infrastructure  –   urban drainage networks

Blue resillient infrastructure
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Urban Drainage Services Under Climate Change
City Adaptation Principles

Multifunctional usage

• New places for free time activitites

• Multifunctional blue-grey 
infrastructure

• 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
• 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.



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)

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



• Extreme cloudburst rainfall analysis

• Combined with sea level rise

• 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

• Disconnection of storm water

Climate change adaptation 

A

B
C



Cloudburst city adaptation plan



• Copenhagen Climate Change and Adaption Plan (2012-2013)

• extreme cloudburst analysis

• Combination with sea level rise

• Impact of change of mikroclimate (hot islands)

• Řešení citizens needs for good life ”livable cities” (recreation, 
biodiversity, synergy urban transportation, safety, accessibility, ...)

• 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

Technical approach



Options for City Cloudburst Adaptation
Cloudburst road – The cloudburst road is recognised by „V“ 
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 – detention streets are designed usually 
in the middle catchment locations 

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

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 Adaptation Plan



FIRST RESULTSHEAVY RAINFALL SIMULATION RESULTS



Urbanistic and landscape design



Urbanistic and landscape design



SØNDER BOULEVARD – cloudburst road



SØNDER BOULEVARD – cloudburst road



Cloudburst road - Korsgade street



NYC – extreme rainfall drainage concept



Jacarta KHI, Malaysia



Dakar, Senegal



Manila-Bacoor, Philippines



Auckland airport, New Zealand


	Snímek 1: Applied Hydroinformatics II. 
	Snímek 2: Climate Change
	Snímek 3: Global warming data 11.2023
	Snímek 4
	Snímek 5: Climate change – what do we know ?
	Snímek 6
	Snímek 7: Extreme cloudbursts
	Snímek 8: Cludburst intensity increase
	Snímek 9: Introduction – Climate Change 
	Snímek 10: Climate Change Impact on Precipitation Extremes Climate Factor
	Snímek 11: Extreme Rainfalls (clourbursts) 
	Snímek 12: Clourburst induced Flash Floods
	Snímek 13: City Adaptation  to Extreme Rainfalls
	Snímek 14: Stormwater management (SWM) approaches and application
	Snímek 15: Handling the runoff Water
	Snímek 16: Urban Drainage Services Under Climate Change City Adaptation Principles
	Snímek 17: Urban Drainage Services Under Climate Change  City Adaptation Measures
	Snímek 18: Selected Interantional Projects Typical cloudburst solutions
	Snímek 19: Copenhagen: cloudburst adaptation plan
	Snímek 20: Climate change adaptation 
	Snímek 21: Cloudburst city adaptation plan
	Snímek 22: Technical approach
	Snímek 23: Options for City Cloudburst Adaptation
	Snímek 24: Copenhagen – City Cloudburst Adaptation Plan
	Snímek 25
	Snímek 26: Urbanistic and landscape design
	Snímek 27: Urbanistic and landscape design
	Snímek 28
	Snímek 29
	Snímek 30: Cloudburst road - Korsgade street
	Snímek 31: NYC – extreme rainfall drainage concept
	Snímek 32: Jacarta KHI, Malaysia
	Snímek 33: Dakar, Senegal
	Snímek 34: Manila-Bacoor, Philippines
	Snímek 35: Auckland airport, New Zealand

