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THE EARTH
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WORLD POPULATION
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WORLD POPULATION GROWTH
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WORLD POPULATION GROWTH
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WORLD POPULATION GROWTH
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WORLD POPULATION GROWTH
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WATER AVAILABILITY AND QUALITY
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United Nations (2018). Sustainable Development Goal 6 Synthesis Report 2018 on Water and Sanitation. New York.

WATER WITHDRAW AND USES GROWTH
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WATER AVAIABILITY IN EUROPE (m3/capita/year)
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Global Average Water Footprint

15
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Water use by economic sectors in Europe

Source: European Environmental Agency
Data coverage: EEA Member countries: Austria, Belgium, Bulgaria, Croatia, Czech Republic, Denmark, Estonia, Finland, Germany, Greece, Hungary, 

Ireland, Italy, Latvia, Lithuania, Luxembourg, Malta, Netherlands, Norway, Poland, Romania, Slovakia, Slovenia, Spain, Sweden, Switzerland, United 

Kingdom

Cooperating countries: Albania, Montenegro, Serbia, the Former Yugoslav Republic of Macedonia
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m3/y)

Period of 1996-2005 (only the largest gross virtual water flows (> 10 billion m3/y)

Source: Mekonnen et al. (2015)

Net virtual water import and export related to imports of agricultural 

and industrial products from (green) and to (red) Latin America and 

the Caribbean

United Nations (2018). Sustainable Development Goal 6 Synthesis Report 2018 on Water and Sanitation. New York.



CCDRN – Economia Circular – S. Tirso, 14 maio 2019

Blue, Green, Grey and Total Water Footprint 

(m3/year/capita)

Source: Mekonnen, M.M. and Hoekstra, A.Y. (2012)

blue water footprint - volume of surface and groundwater consumed (evaporated) as a result of the 

production of a good;

green water footprint - rainwater consumed. 

grey water footprint - volume of freshwater required to assimilate the load of pollutants based on 

existing ambient water quality standards. 
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NATURAL AND URBAN ENVIRONMENT
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NATURAL AND URBAN ENVIRONMENT
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Deviation from average of the Urban sprawl (1990-2000)

represented by NUTSX 

(NUTS3, NUTS2 mainly, 

NUTS0 in a few cases)

Source: European Environment Agency
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(Source: Auckland Council)

AMBIENTE NATURAL E CONSTRUIDO
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Water Distribution: “Closed system” 

Controled by downstream

Wastewater Drainage: “Open 

System” Controled by upstream
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URBAN WATER AND WASTEWATER SERVICES
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Group 1 (EU-15) countries: the Netherlands, Germany, Austria, Denmark, Sweden, Finland. 

Group 2 (EU-15) countries: Belgium and Luxembourg. 

Group 3 (EU-15) countries: France, Ireland, Italy, Greece, Portugal, Spain. 

New-5 countries: Estonia, Czech Republic, Poland, Hungary and Slovenia. 

European Environment Agency (2005). European environment outlook. 87 pp.  ISBN 92-9167-769-8

URBAN WATER AND WASTEWATER SERVICES
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SUSTAINABLE URBAN DRAINAGE SYSTEMS

NATURAL AND URBAN ENVIRONMENT



CCDRN – Economia Circular – S. Tirso, 14 maio 2019

Categories of contaminants in urban water
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Urban Wastewater Urban runoff

Wastewater (continuos)

Microorganisms

Nutrients (N,P)

Metals

Inorganic substances

Biodegradable organic substances

Odor

Heat

Wastewater (intermittent)

Nutrients (N,P)

Metals (Zn, Cu, Cr, Cd, Pb)

Inorganic substances

Heat
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Occurrence and fate of emerging contaminants in 

municipal wastewater treatment plants
27

Ngoc Han Tran, Martin Reinhard, Karina Yew-Hoong Gin (2018) Occurrence and fate of emerging contaminants in 

municipal wastewater treatment plants from different geographical regions-a review,

Water Research, Volume 133, Pages 182-207, ISSN 0043-1354. https://doi.org/10.1016/j.watres.2017.12.029.
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Contaminants fate in environment

28
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Source: European Environment Agency

Water bodies failing to achieve good status (%)
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Source: European Environment Agency
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FUTURE CHALLENGES
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CLIMATE CHANGE
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 Fonte: Climate emergency institute
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CLIMATE CHANGE
Global increase in monthly-mean temperature
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Source: European Environment Agency

CLIMATE CHANGE – METEOROLOGICAL WATER BALANCE
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CLIMATE CHANGE
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CLIMATE CHANGE
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CLIMATE CHANGE
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CLIMATE CHANGE
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CLIMATE CHANGE
Annual Frequency of Storm events



CCDRN – Economia Circular – S. Tirso, 14 maio 2019

40

CLIMATE CHANGE
Disasters and Economic damage

 Fonte: Climate emergency institute



CCDRN – Economia Circular – S. Tirso, 14 maio 2019

41

CLIMATE CHANGE
Number of reported disasters
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CLIMATE CHANGE
Economic damage and losses
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CLIMATE CHANGE
Flood occurrence and economic damage over time
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CLIMATE CHANGE
Water Hazard damages
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CLIMATE CHANGE
Water Hazard damages



CCDRN – Economia Circular – S. Tirso, 14 maio 2019

Drought risk maps with the likelihood of impact occurrence

Source:

European Environment Agency

CLIMATE CHANGE
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Source: European Environment Agency

Impacts of extreme weather and climate related events in EU

CLIMATE CHANGE
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Source: 

European Environment Agency

Projected changes in water-limited crop yield in Europe (%)

CLIMATE CHANGE
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CLIMATE CHANGE
Global risks in terms of likelihood and impact (2008-2018)
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ADRESSING THE CHALLENGES 

FOR A (SUSTAINABLE) FUTURE
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DATA AND TOOLS

Terrain Data

SRTM3 - Shuttle Radar Topography Mission Global Coverage (~90m) 

Version 2

Resolution: ~90 m, 3 arc-sec - Coverage: Global Projection: Geographic ; 

Global Terrain data
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DATA AND TOOLS
CORINE – Land cover
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http://www.fao.org/nr/water/aquamaps/

DATA AND TOOLS
AQUAMAPS – Global spacial database on water and agriculture

http://www.fao.org/nr/water/aquamaps/
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Proportion of total water withdrawal for agriculture (%)

Source: AQUASTAT, FAO

DATA AND TOOLS
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CHANGES FOR A SUSTAINABLE DEVELOPMENT
INTEGRATED WATER MANAGEMENT
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Sustainable Urban 

Drainage Systems

57

NATURAL AND URBAN WATER CYCLE
SUSTAINABLE URBAN DRAINAGE SYSTEMS



CCDRN – Economia Circular – S. Tirso, 14 maio 2019

58

https://swmm5.org/2014/04/20/seven-types-of-lid-controls-in-swmm-5-1/

NATURAL AND URBAN WATER CYCLE
SUSTAINABLE URBAN DRAINAGE SYSTEMS
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FLOOD CONTROL

HYDROLOGICAL STUDIES

Precipitation

Precipitation

Vegetation

Infiltration 

Surface runoff

Subsurface runoff

Surface runoff
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FLOOD CONTROL

HYDRODYNAMIC MODELS

Projecto(de(Regularização(e(Revitalização(da(Ribeira(de(Couros(

Anexo&I&–&Zona!1!(Parque!da!Cidade)&
_____________________________________________________________________________________________________ 
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A generic characterization 

framework for exploring nature 

based built environment 

solutions. 

Adapted from: Yangang Xing,Phil Jones and Iain Donnison. Characterisation of Nature-Based Solutions for 

the Built Environment. Sustainability

17.º SILUBESA – 6 a 9 junho 2016| Paulo Ramísio 

  

  

SUSTAINABLE URBAN WATER SYSTEMS

NATURAL AND URBAN WATER CYCLE



CCDRN – Economia Circular – S. Tirso, 14 maio 2019

62

Iwona Wagner and Pascal Breil (2013)  The 

role of ecohydrology in creating more resilient 

cities, Ecohydrology & Hydrobiology, Volume 

13, Issue 2, Pages 113-134, 

NATURAL AND URBAN WATER CYCLE
SUSTAINABLE URBAN WATER SYSTEMS
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NATURAL AND URBAN WATER CYCLE
SUSTAINABLE URBAN WATER SYSTEMS
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INTEGRATED WATER RESOURCES MANAGEMENT

RESILIENT SYSTEMS

CIRCULAR ECONOMY - RESOURCE RECOVERY

CHANGES FOR A SUSTAINABLE DEVELOPMENT
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United Nations (2018). Sustainable Development Goal 6 Synthesis Report 2018 on Water and Sanitation. New York.

CHANGES FOR A SUSTAINABLE DEVELOPMENT
SUSTAINABLE DEVELOPMENT GOALS

Source: UNWater.org
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