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World Population over the last 12,000 years and UN projection until 2100
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Source: World Population over 12000 years - various sources (2016), Medium Projection — UN Population Division (2015 revision)
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WORLD POPULATION GROWTH

Time it took for the world population to double gt Annual world population growth rate

Historical estimates of the world population until 2015 — and UN projections until 2100
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Figure 31. Water withdrawal and global population over time in agriculture, industry and municipalities, 1900-2010
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Source: FAO (2016a).

United Nations (201 8). Sustainable Development Goal é Synthesis Report 2018 on Water and Sanitation. New York.
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Water use by sector in the EU (2014, hm?)

Annual Seasonal
30 000
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Data source: European Environment Agency.

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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Source: Mekonnen, M.M. and Hoekstra, A.Y. (201 2)

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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Urbanization over the past 500 years

Share of the total population living in urban areas. Urban areas are based on national definitions and may vary by

NATURAL AND URBAN ENVIRONMENT
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Figure 4.12 Current and projected levels of wastewater treatment in Europe
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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 Environme% ébgﬁr\llcx E%%%S). ,Eurcoipe n en\gr%rrgen% 2utlook.2%7]%o. ISBN 92-9167-769-8

omia Circular — o, maio



Q@

apes

associagao portuguesa
de engenharia sanitaria e ambiental

The natural water cycle

precipitation
evapo-
transpiration

The conventional urban water cycle

precipitation

imported
potable
water and
virtual water

ﬂvﬁ! poor quality runoff
Infiltration
Key:
wastewater
discharge natural
state

reduced evapo-
transpiration

|

J I.lge!mesol

NATURAL AND URBAN ENVIRONMENT
SUSTAINABLE URBAN DRAINAGE SYSTEMS

Sustainable urban water cycle
reduced potable

precipitation
evapo-
transpiration
water consumption
stormwater

h) 2

wastewater
reuse

e
S

37 &l

stormwater
‘ ueat.ment

infiltration

reduced
wastewater

discharge

altered
state

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




@
apesb Categories of contaminants in urban water

Urban Wastewater Urban runoff

Pollutant Urban  Highway Roof Atm. depo- Attached  Drinking
runoff runoff runoff sition, %  to SS, % water std.
(1) (2) () (3) (3, 4) (5)
Suspended solids | . Nutrients ss 30-100  30-60 5-50
Priority CoD 40-60 25-60 less 19 75
pollutants Ref;:?:y TotN ot 2 1-2 less 70 11.3*
WASTEWATER el Tot.P 05 0205 less 23 50 0.15
Biodegradable CONTAMINANTS Pathogens and Pb 50-150  50-125  10-100 40 70-80 50
g;’;:"'c - parasites Zn , 300500 125400 1001000 30 30-40 100
oy Dissolved Heavy Cd R o5 70 5
Inorganics metais Cu 5-40 5-25 10-100 7 30-40 100
(1) PH-Consult, 1990 (2) Hvitved-Jacobsen et al., 1992 (3) Malmquist, 1982 (4)
Johansen, 1985
(g) ?)nl\s/lel; 1988 * Limit value specified as NO;-N
Wastewater (continuos) Wastewater (intermittent)
Microorganisms
Nutrients (N,P) Nutrients (N,P)
Metals Metals (Zn, Cu, Cr, Cd, Pb)

Inorganic substances Inorganic substances

Biodegradable organic substances
Odor

Heat
Heat CCDRN - Economia Circular — S. Tirso, 14 maio 2019
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it municipal wastewater treatment plants
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Faster biodegradation during biological wastewater treatment
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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, Fageg 182207, ISSN. %%1‘&;15”%4Tngtg,sﬂ?%-g{g/%-il@lﬁ/i-Wa”eS-2017-12-029-
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Fig. 16.1: The spider of environmental pollution due to anthropogenic activities. (Adapted from EIBE 2000)
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Pb enrichment and
concentration in
agricultural soils
and pasture lands
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Observed change in the climate system:

GREEN Recent warming of the planet is unequivocal and
CLIMATE
UKD unprecedented
osf t -
Decadal average -
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v, y i ¥ t , e e .
N N (O 3 ‘ . e+ N : * 08 . . A
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—_—
4 = The Earth surface
temperature has been
4 successively warmer
in the last three
decades than in any
previous decade since
<20 -7 -14 -11 -08 -05 02 0 02 05 0B 11 14 17 >20 1850
Deg C/ Century

The planet is over 2°C warmer than it was in 1860, but there are substantial
geographic differences in the rate of warming
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aDBSU Global increase in monthly-mean temperature
14 I I I I I ! I

Figure 1: Observed record ratio (the increase in the number
12 | of heat records compared to those expected in a world
without global warming) for monthly heat records as it
changes over time (thin red line is annual data, thick red line
smoothed with half-width 5 years). This is compared with
10+ predictions from a simple stochastic model based only on the
global mean temperature evolution (blue line with
uncertainty band directly comparable to the smoothed red

8 curve)
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Climatic Change January 2013 Global increase in record-breaking monthly-mean temperatures Dim Coumou, et al

o Fonte: Climate emergency institute
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aDeSD Disasters and Economic damage
climate change implicated $US billion.
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Fonte: Climate emergency institute
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Number of reported disasters

Number of disasters
per year
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400
All disasters

350 All disasters include:

drought, earthquake,
extreme temperatures,
300 - famine, flood, insect
infestation, slides,
volcanic eruption, wave
and surge, wild fires,
wind storm.

250

200~

150 -

100 -

Earthquakes
50

Trends in number of reported disasters

Much of the increase in the number of hazardous
events reported is probably due to significant
improvements in information access and also to
population growth, but the number of floods and
cyclones reported is still rising compared to
earthquakes. Is global warming affecting the
frequency of natural hazards?

Cyclones

1900 1920 1940 1960 1980 2000
Source: CRED Annual Disaster Statistical Review 2006, 2007.

2010

250 ~
200 -
Earthquakes
versus climatic disasters
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Climate-related Disasters (GAR,2015)

GREEN
CLIMATE
FUND

870 billion

Climate related disasters are on the rise:
* About 90% of natural disasters 10 billion

e About 90% of casualties

e About 70% of economic losses

| B
>

Climate related-disasters will continue to rise 262 biton
as climate change gathers pace

119 billion

Upper- Lower
middie Middle
income ncom

Economic losses (absolute and as % of GDP, 1995-2015) Economic damage (US$) per disaster (1995-2015)

income
1,011 billion

662 billion
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CLIMATE CHANGE

Flood occurrence and economic damage over time

Figure 37. Flood occurrence (left) and economic damage (right) increase over time
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Data sources: CRED (n.d.); United Nations, Department of Economic and Social Affairs, Population Division (2017a); United Nations, Statistics Division (n.d.).

Figure 38. Percentage change in flood-affected population (left) and flood damage percentage of GDP (right) over time
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Data sources: CRED (n.d.); United Nations, Department of Economic and Social Affairs, Population Division (2017a); United Nations, Statistics Division (n.d.).
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Figure 39. Relationship between water hazard damage per capita and GDP, 2015
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Data source: World Bank (2018).
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Figure 36. Disaster mortality (left), directly affected people (middle) and damage by water-related hazards (right), 1990-2015

Total deaths Total affected Total demage

o 0%
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28% 54%

W Storm ™ Tsunami = Flood == Drought ™ [andslide

Data source: CRED (n.d.).
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aDBSU Projected changes in water-limited crop yield in Europe (%)
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Projected changes in
water-limited crop yield
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Projected impact of climate change on agricultural yields
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" A key culprit in climate change ‘\

- carbon emissions — can also help

agriculture by enhancing

photosynthesis in many important {...)

crops such as wheat, rice, and

soybeans. The science, jj N
however, Is far from certaln on the \ [ Change in agricultural productivity 7 )

benefits of carbon fertilisation.”
I between 2003 and the 2080s o
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Source: Gline W., 2007, Global Warming and Agriculture.
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CLIMATE CHANGE
Global risks in terms of likelihood and impact (2008-2018)

Figure IV: The Evolving Risks Landscapes, 2008-2018
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Source: World Economic Forum 2008-2018, Global Risks Reports.
Note: Global risks may not be strictly comparable across years, as definitions and the set of global risks have evolved with new issues emerging on the 10-year horizon. For example, cyberattacks, income disparity and unemployment entered the set
of global risks in 2012, Some global risks were reclassified: water crises and rising income disparity were re-categorized first as societal risks and then as a trend in the 2015 and 2016 Global Risks Reports, respectively.
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Terrain Data
SRTM3 - Shuttle Radar Topography Mission Global Coverage (~90m)
Version 2
Resolution: ~90 m, 3 arc-sec - Coverage: Global Projection: Geographic ;
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Corine Land Cover 1990 raster
111: Continuous urban fabric
112: Discontinuous urban
fabric

121: Industrial or
commercial units

122: Road and rail networks
and associated land

123: Port areas

124: Airports

131: Mineral extraction sites
132: Dump sites

133: Construction sites.
141: Green urban areas
142: Sport and leisure
facilities

211: Non-irrigated arable
land

212;: Permanently irrigated
land

213: Rice fields

221: Vineyards

222: Fruit trees and berry
plantations

223: Olive groves
231: Pastures

241: Annual crops associated
with permanent crops

242: Complex cultivation
patterns.

243: Land principally
occupied by agriculture, with
significant areas of natural
vegetation

244: Agro-forestry areas
311: Broad-leaved forest
312: Coniferous forest
313: Mixed forest

321: Natural grasslands
322: Moors and heathland
323: Sclerophyllous
vegetation

324: Transitional woodland-
shrub
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AQUAMAPS =« &

AQUAMAPS - Global spacial database on water and agriculture

Ve s

Global spatial database on water and agriculture

Metadata and Download

Rivers / Water bodies
Imigation / Infrastructure
4 . Hydrological Basins
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" basins (Derived from HydroSHEDS)
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aDB§U Proportion of total water withdrawal for agriculture (%)

associa e
de engenharia sanitaria e ambiental

Source: AQUASTAT, FAO
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aDBSD INTEGRATED WATER MANAGEMENT
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Reduces the
vulnerability
of poor and
marginalised
communities

Uses best
available
climate
data and
information
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Sustainable Urban

Drainage Systems
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NATURAL AND URBAN WATER CYCLE
SUSTAINABLE URBAN DRAINAGE SYSTEMS
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mechanical biological

L L

flow control detention retention filtration infiltration treatment

slow spread

flow control: The regulation of detention: The temporary retention: The storage of filtration: The sequestration infiltration: The vertical treatment: Processes that

stormwater runoff flow rates. storage of st ter runoff runoff on site to of sediment from st it it o utilize phytoremediation or
in underground vaults, ponds, allow for sedimentation of runoff through a porous media runoff through soil, recharging bacterial colonies to metabolize
or depressed areas to allow for suspended solids. such as sand, a fibrous root groundwater. contaminants in stormwater
metered discharge that reduce system, or a man-made filter. runoff.
peak flow rates.

Urban Green Infrastructure Development Policies

Indoor

. . . Plants [ indoe e | » Bm  Plants choice
A generic characterization B =u: [ ==
. —§. SGreen roofs m ‘a 7
framework for exploring nature E=a Yy [

. . Multi-Benefits -  cirec i, [ B Structural
based built environment | e )
SO I Ut| 0 n S . g g Management

oot S RO s |

Community Greening Initiatives

Adapted from: Yangang Xing,Phil Jones and lain Donnison. Characterisation of Nature-Based Solutions for
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Ecosystems: sewage receivers
or aesthetic elements
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Iwona Wagner and P_ascal B_rell (2013) T_he ¢ tralisation,
role of ecohydrology in creating more resilient local treatment
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cities, Ecohydrology & Hydrobiology, Volume BIYOLDY
13, Issue 2, Pages 113-134, S~ Sewage treatment — peoren.
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Control the quantity Manage the quality of
of runoff to the runoff to prevent
pollution
= support the management of
flood risk, and
= maintain and protect
the natural water

cyelo Water
Quantity

Biodiversity

Create and sustain Create and sustain
better places for better places for
people nature
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INTEGRATED WATER RESOURCES MANAGEMENT
RESILIENT SYSTEMS
CIRCULAR ECONOMY - RESOURCE RECOVERY
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Figure 21. How SDG 6 can bring immense benefits for sustainable development

SDG 6 Global Indicators

WHO, UNICEF

6.1.1 Proportion of population using safely managed
drinking water services

6.2.1 Proportion of population using safely managed

sanitation services, including a hand-washing facility
with seap and water

6.3.1 Proportion of wastewater safely treated

P 6.3.2 Proportion of bodies of water with good ambient
o ) water quality

WHO, UN-Habitat, UNSI

the 4 SN o 6.4.1 Change in water-use efficiency over time

Level of water stre: eshwater EVEES
n of available freshwater resources

UNESCO, UNECE
UN Environment, Ramsar

5 tegrated water resources managemel
implementation (0-100)

6.5.2 Proportion of transboundary basin area with an
operational arrangement for water cooperation

6.6.1 Change in the extent of water-related ecosys-
tems over time

6.a.1 Amount of water- and sanitation-related
official development assistance that is part of | WHO, UN Environment, OECD
a government-coordinated spending plan

6.b.1 Proportion of local administrative units with

estqb!lshgd and operational pc')l_lme_s and procedure_s for | WHO, UN Environment, OECD
participation of local communities in water and sanita-

tion management

— o WATER @ susTamaslE GESALS
Source: UNWater.org

United Nations (2018). Sustainable Development Goal 6 Synthesis Report 2018 on Water and Sanitation. New York.
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“Cidades e Territérios: Oportunidades e

Beneficios da Economia Circular”

A Agua e a Cidade

Paulo J. Ramisio
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