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Dublin Konferenz 1992

UNDP 2000 MDG Millenium Development Goal

,,Z.ahl der Menschen ohne Trinkwasser, ohne sanitire Anlagen und Nahrung bis 2015 halbieren*

UNDP 2010
,,Recht auf sauberes und trinkbares Wasser ist Menschenrecht*

UNDP 2015 SDG Sustainable DG bis 2030



das Jahr 2050 reichen von 8,0 bis 10,5 Milliarden Menschen.

Weltbevolkerung |+ ca. 2 Milliarden
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Global Water Consumption 1900 - 2025
(by region, in billions m3 per year)
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World Pnmary Energy Consumption
(Million Tons of Oil Equivalent, 1950-2050)
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Basisdaten

Deutschland
Kuropa
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Grundwasserneubildung
N-ET- Qn‘.'.ll:w.;rfl. rasch




2300 m? pro Kopf u. Jahr

120 mm pro Jahr




WASSERVERBRAUCH

Jahrlicher Wasserverbrauch in ausgewihlten Landern pro
Kopf (in Tausend Litern)
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Internal and external contributions to the total
renewable water resource in Europe

Luxembourg | . -
externe Zufliisse internes Wasser
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EU — WRRL Wasser Rahmen Richt Linie

2015 ... gute Qualitat von
Oberfachenwasser u. Grundwasser**

IKSR ...Rhein

IKSE ....Elbe




Wasserbedart fur gesunde Ernidhrung
in m’ pro Kopf und Jahr

3 000 kcal braucht ein Mensch pro Tag fiir gesunde Ernihrung

2400 kcal pflanzlich + 600 Kkcal tierisch

1200 Liter + 2400 Liter

3600 Liter
pro Kopf und Tag

____________________________________________________________________ |

1300m?* pro Kopf u. Jahr fiir Getreide, Gemiise und Fleisch
= Verdunstungswasser ......... “griines Wasser*

UN- FAO: 1300 + 400 = min 1700 m’ pro Kopf und Jahr







Wasser-Futabdruck (m*Person/Jahr)
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9,6 bill. m? /year (60% from Brasil) extern
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Baumwolle
Soja
Nisse
Mais
Trauben
Kartoffeln
Roggen
Apfel
Feis
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Sonnenblumen

Andeme Futterpflanzen
Zuckerpflanzen
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419m3/
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Internal and external water - footprint of agricultural products for Germany

extern + intern

total water consumption for agricultural products



Virtual Total Water

Countries Mrd. m3 /year
USA 220.3 '
Canada 953
France 785
Australia 73.0
China 3.0
Germany 0.5
H
Metherlands or. B
Argentina all.6
Russia 477
Thailand 429
India 426
Belgium-Luxembourg 422
[taly 38.2
Cote d'lvoire 351

Countries Mrd. m3/year
LISA 175.8
Germany 105.6
Japan 082
Italy 59.0
France 72.2
Metherlands 68.8
United Kingdom G4 2
China 63.1
Mexico 50.1
Belgium-Luxembourg 471
Russia 461
Spain 450
Korea Rep. 392
Canada 354
Indonesia 30.4

UNESCO —IHE (Chapagain & Hoeckstra 2004)




National virtual water- footprint for agroproducts

-

Met wirtual water Imports T
ibillons of cubic metres per ye e
B -108 North America s :
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[ ]-70 Oceania
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] 47 Middle East O B 3 ,
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Source: Based on Hoekstra and Chapagain 2008.

International transfer of virtual water in Mrd. m? per year

on the market with agricultural products in the period 1997 -2001
(United Nations World Water Development Report 3, Hoeckstra & Chapagain 2008)



Ubernutzung
von

Wasserreserven
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p
¢ Wasserentnahme fur die Landwirtschaft in %

Wasserentnahme: Fliisse, Seen, GW...........4 500 km’/Jahr (2015)
eeeee.2 900 km? fiir Bewisserungslandwirtschaft .....70%

..e....davon 800 km? aus Grundwasserspeicher .....25%






Absenkung der Grundwassersstande in Mexiko
United States

%

Pacific ‘ ‘,‘ 1" *“* Gulf of

Gcean 'l. ' Mexico
1

Major aquifers subject to i L
overextraction m

Oversxploitation: extraction —~ g
- 1 to 2 times the recharge rate v »

Severe overexploitation: ' ;
=l exfraction more than twice ﬂ- Belize

the recharge rate f
Guaiemala  Honduras
I Sabvador
1. Hermosillo Coast. Intensive production of agncufhural exports and wheat for domeshc market.
2. Baja California. Larpe-scale commercial production of frut and vegetables by companies linked to US markst.

3. Coahasta. One of Mexico™s fastest sinking aguifers and major site for production of alfafa to supply feed to Ivestock
sechor.

4. B Bajio. Source of 90% of Mexico's frozen fruit and vegetable exporl. Production dominated by large-scale
commercial farms and agro-indesinal processing plants supphyng US market.

fike & The biundanes are mames shown and the desigraiions wsed on s map do not imply official endosement or accepancs by fie Unied Madions.
Sporce; Guevara-Sangings 2006



Grofflichiges Absinken des Grundwasserspiegels
in Nord Indien....bis zu 4cm /Jahr
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I Pumpitup

Agricultural groundwater usage

Selected countries, billions of cubic metres per year _
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Source: UN World Water Development Report, 2015
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Sundarbans h"‘x

%

Bangladesh: Grundwasserpiegelabsenkung
Vordringen der Salzwassers




? (Yellow River) Basin,
= China

Orange River Basin,
Africa ( Botswana, Lesotho, Murray-Darling Basin,
Mamibia, South Africa) Australia

s Iajor rhver basang

Source: Based on Smakhtin, Revenga, and Dall 2004,
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Baumwollfeld mit Furchenbewésserung
Uzbekistan 2013
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Kasachstan ‘

Usbekistan

2013

1989 2003

Folgen der Bewisserung
Bodenversalzung
Salzanreicherung im Rest Aralsee
Windverfrachtung der Riickstinde aus Agrochemikalien

hoher Salzgehalt im Trinkwasser
chronische Krankheiten, hohe Kindersterblichkeit (W. Mauser 2007)




Nahrungssicherung

Landnahme



FAO UN 2011 -2013
kcal

&000 —i
3500

+47%
379, +36% +h42%
; 3% *29% 31 .I

+579¢ +58% +58%




Hunger auf Fleisch nimmt weiter zu
Prognostizierter Fleischkonsum in Kilogramm pro Kopf aktuell und im Jahr 2023’
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100 China
N .
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Weltproduktion der wichtigsten Getreidearten, Zeitraum 1990-2011

Welternte in 1000 t

2003 -2013 Getreideproduktion zwischen 2 250 — 2 450 Mio. t
Anbauflache weltweit 702 Mio. ha

1990-=2011
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World price indices of selected cereals
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Source: FAO 2010.
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Clusterstock s~/ Chart of the Day
Arable Land Per Capita Is Decreasing

(Hectares Per Thousand People)

-20%
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Source: FAQ, World Bank
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Weltweit grofiflachiger Landkauf, Landpachtung (land grabbing)

durch Staaten, Unternehmen, Investmentfonds, Banken, Privatanleger

Grofflachiger Landkauf und Pachtgeschafte (in 1000 Hektar)

T Russtand 707

Mali 176 —— China 236
Burkina Fasa 200 x\\ 5o Laos 353
Sanegal 261 %\\H — _ _—— Yielnam Fi |
: = Sudan 1150 - = :
Sierra Lione 1,221 — R | : L = Hambodscha 747
. Ahopien 923 . 2
Liberia 1,362 | _ — -'! o Walaysia 453
/ N H“~ S0dsadan 3401 3 ﬁ--."'. - Papua-Nesguines 3.799
Kolumbien 225 s = 2 ) .
Gt 4717 “Kenia 172 T indontsien 3.267
s / ' Sambia 385 S Oct-Timag 200
Paraguay 223 Demokzatische Republik < = N
= Keeipe 2.717 J H‘-\:‘“u Madagaskar 592
1 R
FUgLay L Mosambil 2167
Aagentinizn 425 - — -,

“Simbabwe 39

[ emeidete Fiache aber 1 Million Heltar
. Gemeldete Fliche zwischien 500,000 und 1 Millizn Heitar

Gemeidede Frlche unter 500,000 Heltar Quetle: www landmatrix.org (2013)
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DIE DIMEMSION DES LANDGRABBINGS

Wotilr das geloufte Land genutrt wird
Angaben in Prezent
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Water use for primary energy production in [litres /toe] (IEA 2016)

Corwventional gas B wWithcrawal

I Consumption

Coal

Shale gas

Eefined oil [conventional)*
Fefimec oil [oil sancs]®*
Gas to licuics

Coal to licuics

Refine ot oil ([EQR)***
Lignocellulosic ethanol **%*
Falm oil biociesel

Rapeseec hiociesel

Soybean hiociesel

|

Sugarcane ethanol

Kiihlwasser fiir thermoelektrische Energiegewinnung: 1 000 MW ca. 30 bis 40 m?/s




Energy use for various processes in the water sector in [ KWh/m’] (IEA 2016)

Supphr

Desalination

Wastevater treatme nt

Groun dw ater abstraction
Surface water abstraction
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Surface wa&er treatrment
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YWater distribution

Pumping

Primary treatment
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Weltweiter Wasserbedarf: Basisszenario, 2000 und 2050

- I Bewasserung W Private Haushalte [ Viehzucht B [ndustrie B Stromerzeugung
6000
OECD BRIICS: Brasilien
Russland
Indien
5000
Indonesien
China
Siidafrika
4000
3000
2000
1000
4]
2000 2050 2000 20510 2000 2050 2000 2050
OECD BRIICS Obrige Welt Weltweit

Anmerkung: In dieser Abbildung ist nur der Bedarf an Grund- und Oberflachenwasser [ blaues Wasser: vol. Kasten 5.1) erfasst,
die Mutzung von Regenwasszer fir die landwirtschaftliche Bewidsserung ist nicht bertcksichiigt. Wegen einer Erlauterung von
BRIICS und _dbrige Welt" vgl. Kapitel 1, Tabelle 1.3.

Guelle: Basisszenario des QOECD-Umwelfausbiicks; Ergebnizse von Berechnungen anhand der IMAGE-Modellreihe.



Landwirtschaft Industrie Kommune & Haushalt
indien  EER——
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insgesamt: 2710 Mrd. m?




Prognose 2010 bis 2050 (W, Mauser 2007)

Bedarf an grﬁﬁ@?ﬁ Wasser = Verdunstungswasser

9.5 Mrd. Menschen d.h. +3 Mrd.
Ausloschung Hunger (1300 m3 pro Kopf u. Jahr)

Effizienzsteigerung in Bewisserungstechnik

Defizit global ......... 5 400 km? pro Jahr

woher ? ...... blaues ......griilnes Wasser ?




Wasserpolitik



Groundwater Resources of the World
- Large Aguifer Systems -
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Der Nubische Aquifer, den sich die Linder Agypten, Libyen, Sudan und Tschad teilen,

ist das grofite fossile Frischwasservorkommen der Welt.

Das Wasser ist zwischen 35.000 und 15.000 Jahre alt und stammt aus der letzten Eiszeit.

Die Vereinten Nationen schitzen das Gesamtvolumen auf mindestens 373.000 Milliarden Kubikmeter,
von denen aber nur rund 9000 Milliarden Kubikmeter abpumpbar sind.



Current (2010) and contracted (2016)
desalination capacity in the Gulf Cooperatioi
Council countries
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Legend :

|| Transboundary River Ela;I'riE'-E'.

ﬁ Basin Country Unit Boundaries
_! Country Boundaries

gk L = < i = =

Global map of the 286 transboundary river basins (Lehner and Grill 2013)
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Euphrat und Tigris

Turkei
Siidostanatolien - Projekt

SAUDI ARABIA
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- The Mekong binds livelihoods across borders
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4,

of India
Faces
High to
Extremely
High
Water Stress

(attadraais T iatle Rupedy)
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B Eoeremety High (-80%)
B Anid & Low Water Uise

www.indiawatertool.in WORLD RESOURCES INSTITUTE



KasaCHETAN
o Haichaschsge

T
g.d'd ey

Almiaty
Bischkek® " o
KIRGISIEN
LT 1]

Dl
:

i
A K 5Al
CHA N &
] QI AP LN EN
-
k) i isGHAl
b ]
'] TBET
Y _
r ﬂ; i
# #
T
INDIEM
T T T A
BruTan ry
ML SRR RAY P
i ARG

Biesa =

Luftverschmutzung
(3  stark belastete Grofiume

.r:""'* hehe Indestrie-Emisslonan
-

Ressaniree Wassear

Verfigbarkeit von SOfwasser,
red e Kanl v lahe aincorhlis@iick Landwictarban

lirchang

Linng @

My,

Laos

Ulan Bator =

MONGOLE

-

Russiam

o g ‘

1=y
: i ]:'a"-ﬁ" 2 = Seoul
. I i P
5 '
Shijiazssng SISH S i
MaRGxIA [ ¥ i
J:Iﬂ:r._@ STy _,:* Cingdan
I
SHARNK : E i Geths Mesr
o Py JSMHGEL
"a:@_ Lun}ﬂ ."l.l‘vIH.J' .Il'
e S Nenkip B Y :
Huim Heraw _ e ¥
LT 4 m L= Shanghai
= Hargho
!Hnmu:: Cudchinesicher e
Manch 4
anchang
= *&hacshan o Ei)
bE
Jiassml T Fuzhou
Hukan Toioss .l ElTaipeIu e
?:mrn:n'_l'j -.u--'ﬂ"-"‘ ks
Hizha e T; Thiwam
[2) un:hnq_.,-";":hﬂ"u
s Kanningi ——— g Shenren >
LIS R M;'E & Hongsong

-

B b

- l,..Jrl:l,\,.v"'-
e

Pk

CO,-Ausstoll in Tonnen pro Kopf {2002)
ap U5A

ALLTRALIEN






World Risk Report 2016

Vulnerabilitit. . ....

- Bewiltigungskapazitat == Ernahrung !
- Anpassungskapazitit

Anfallighe it
i Abhieggke it won Infrestrelctug Ereshmng, Einko mres und Slonem tches Rebmen bedingu ngen

-

e F l-r_q R
= s
: el =L &

BB cehrgering 98- TX *"-'i

QEring 1230- 332
mite n3i- %

B i 017~ 16,63

i sehr bach &bl 6523 .
leine Deten

Ao g et = 900 %,
Ehsseneinteilung qemsl Qusntile Wethode




Schlussbemerkungen
- Wasser fir pflanzliche & tierische Nahrungsproduktion reicht nicht fiir alle

- Ganzheitliche Losungen fiir Wasser - Nahrung - Energie

- Klimawandel verschirft die ungleiche Verteilung der Wasserressourcen

Einzugsgebietsbezogene grenziibergreifende Bewirtschaftung der Wasserressourcen

Transparente, demokratisch legitimierte Lizenzvergabe bei Land - und Wasserkauf

Speicherbau und Speicherbewirtschaftung mit fairer Wasserzuteilung

Entwicklung von Klimaanpassungsstrategien fiir den gesamten Wassersektor

Wasserwirtschaftliche Modelle als Planungsinstrument und Entscheidungshilfe



UM-Walker Menlywers LM-%aler Parlaers

WintmrAil




Bernhard. Westrich@jigs.uni-stuttgart.de
http://www.uni-stuttgart.de













Flachenbedarf ausgewahlter Lebensmittel in m? pro Megajoule
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Amount of energy required to provide 1 m?
water safe for human consumption from
various water sources

Bl

Lake or mver: 037 BWh/m®

B

Cmoundwater: J48 k) y

-

‘Westewater treatmeni: 063-087 KWH'm?

-

Wastewater reuse: 1.0-2.5 kKWh/m"

S 4

Seawater: 7 58-8.5 EWh'm’

Note: This diagram does nof incorponale crifacal elernants such as
fhe avstoros the waater is transported or the level of efficency, which
vy grachly from site fo site

Source: WEBRD (M, g 5, p. 14, based on sounce cited thereing.



Water use for electicity generation by cooling technology
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I Regular Water Stress
|

]

| Chronic Water Scarcity
fack of water begins to hamper economic daveloprment and human health and well-being

| _ < 1700m?/capita/year
11l | Absolute Water Scarcity
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Figure 2. The efficient (green) and inefficient (yellow to red) parts of the global consumptive water
footprint of the UK's direct and indirect crop consumption, with an indication of crops for which water
productivity can be substantially increased and through which water footprints can thus be reduced.
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Instead it results from protection of their domestic water resources, land availability and land
uses. In Europe as a whole, 40% of the water footprint lies outside of its borders.
(Mekonnen, M.M. and Hoekstra, A.Y. (2011)
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Arabische Halbinsel: In den 6lreichen Landern am Persischen Golf muss viel Wasser aus grof3en
Tiefen gepumpt werden. Die Reservoirs werden ausgebeutet - jedoch nicht aufgefiillt.



Global Per Capita Water Availability (2025)
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China -

Russia -
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Disaggregating WCEP by energy subcategory (figure 5) shows fossil fuels consuming significant
proportions of water in most countries (less so for India, Brazil, Germany, and France within the top
ten.) Nuclear fuel production plays a minimal role overall, with the United States and Canada having
the highest nuclear fuel WCEP values. Biofuel WCEP is significant in the United States, India, and
Brazil. Meanwhile, the United States and China consume by far the most water for electric power
generation.
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4.3. The external water footprint of wheat consumption in ltaly and Japan

In the previous fwo sections we have looked mto the water footprint of wheat production in specific areas of the
world and analysed how this water footprints could be linked to consumers elsewhere. In this section we will do

the reverse: we will consider the wheat consiumers in two selected countries — Italy and Japan — and trace where

their water footprint lies.

Ttaly’s water footprint related to the consumption of wheat products for the period 1996-20035 was 17.4 Gm’/yr.
More than half (56%) of Italy’s water footprint is pressing on domestic water systems. The rest of the water

footprint of [talian wheat consumption hes i other countries. mainly the USA (20%). France (19%). Canada

Blue water footprint

Mmfyr
[ T<10

10-100

100 - 1000 o
1000 - 5000 : \h" \
5000 - 10000 v

10000 - 17000



UN WDR 2015

Total renewable water resources per capita (2013) in m3
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kilo Calories Consumed Per Capita Per Day,
China and India, 1980-2013
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Sources of electricity generation in India
billion kilowatthours

Renewable generation in India
billion kilowatthours
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Globale Wasserpolitik

ist unverzichtbar als Beitrag zur

Sicherung der materiellen Lebensgrundlage
Stabilisierung von Staatengemeinschaften
Verhinderung von Fluchtlingsstromen

Friedenssicherung

uwd  menschenwiirdiges Leben aller
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Bevdlkerung in verschiedenen Hohenlagen Uber Meeresspiegel in Meter

ca. 60% der \m

200

150 -
500

450 1

Mio 400

350 ~

300

250 A

200

150

100

50 -

0,

[0-5 (5-10 |

45-50

95-100km




B High
B Moderate
M Low

| Very low

s

Potential rain-fed yield

International Water Management Institute TWMI (2001)




IMPACTS OF CLIMATE CHANGE ON POPULATION AT RISK OF HUNGER IN 2050, BY REGION

H 2010
W 2050NCC
2050CC

Motes MPACT model results for
53P2 and RCP B.5, See Box 7

bor ain explanation of RCPs and 55,

Population at risk of hunger is
estimated as o function of the
ovailability of feod enemy relative
to requiremeants,

SOURCE Wiebe at of, 2015,
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Der Nubische Aquifer, den sich die Linder Agypten, Libyen, Sudan und Tschad teilen,
ist das grof3te fossile Frischwasservorkommen der Welt.

Das Wasser ist zwischen 35.000 und 15.000 Jahre alt und stammt aus der letzten Eiszeit.
Die Vereinten Nationen schitzen das Gesamtvolumen auf mindestens 373.000 Milliarden Kubikmeter, '

von denen aber nur rund 9000 Milliarden Kubikmeter abpumpbar sind. I i
__r.“__ ar Ny s i 2 ‘.ﬂl-:.l- m _.',' o

Im Jahr 2007 lie8 Gadhafi den Gurdabiya-Damm wéhrend eines Staatsbesuchs 6ffnen — der Damm ist Teil des kiinstlichen
Flusses, der durch Libyen fiihrt. Es ist das wohl monumentalste Bewisserungsprojekt des Globus.

Seit 25 Jahren baut Libyen an seinem "achten Weltwunder", in das bisher 20 Milliarden Euro geflossen sind und dessen
Gesamtkosten bis 2030 auf gut 27 Milliarden Euro kalkuliert werden.

Der Diktator Muammar al-Gadhafi schmiickt sich gerne mit dem Mammut-Projekt, das aus Wiisten Oasen macht und das
karge Land an der Kiiste fruchtbar.

Dass fiir den kiinstlichen Fluss aus Pipelines fossiles Wasser verbraucht wird, stort ihn nicht.
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for food production
(km?/year)
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Main Challenges facing the NB Countries

MILE RIVER
BASIM
. Population growth (2.5 - 3.0% ) and poverty.
LDMsplaced people and refugees.
LClimate change and food security.

4. Erosion and sedimentation.

EMNatural disasters:
Flood dev ista tion.
Drought and deserilicstion
Watershed degradation
Inwihiutional sirociures and cagacity
building.

5. Political commitment and conflicts within the
region of the NB.

b Lack of financial resources and technology.
I. Enabling environment for cooperation.

. Trust and confidence building .
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Legend: Global map showing countries with net virtual water import related to import of agricultural
and industrial products from Latin American countries (green) and countries with net virtual water
export due to agricultural and industrial exports to Latin American countries (red) over the period 1996-
2005. Only the biggest gross virtual water flows (over 10 billion cubic meters per year) are shown.
Source: Mekonnen, M.M., Pahlow, M., Aldaya, M.M., Zarate, E. and Hoekstra, A.Y. (2015)

Sustainability, efficiency and equitability of water consumption and pollution in Latin America and the
Caribbean, Sustainability, 7(2): 2086-2112.




Countries can both import and export virtual water through their international trade
relations. Globally, the major gross virtual water exporters are USA, China, India, Brazil,
Argentina, Canada, Australia, Indonesia, France and Germany and the major gross virtual
water importers are the USA, Japan, Germany, China, Italy, Mexico, France, the UK and
the Netherlands. The largest net exporters of virtual water are found in North and South
America (the USA, Canada, Brazil and Argentina), Southern Asia (India, Pakistan,
Indonesia and Thailand) and Australia. The biggest net virtual water importers are North
Africa and the Middle East, Mexico, Europe, Japan and South Korea.

The total amount of water that would have been required in the importing countries if all
imported agricultural products were produced domestically 1s 2 407 billion cubic meters
per year. These products are, however, being produced with only 2 038 billion cubic meters
per year in the exporting countries, saving global water resources by 369 billion cubic
meters per year (Mekonnen and Hoekstra, 2011). This saving 1s equivalent to 4% of the
global water footprint related to agricultural production (which is 8 363 billion cubic
meters per year).
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Figure 1. The sustainable (green) and unsustainable (yellow to red) parts of the global blue water
footprint of overall UK consumption, with an indication of critical products that significantly
contribute to the UK's water footprint in some hotspot areas.
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Water pricing versus water consumption

Water pricing (purchasing power parity)
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