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Water security:

Grey andSadoff(2007)
WeKS | OFrAflloAtAGE 2F +y |
water for health, livelihoods, ecosystems and productio
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Cook and Bakker (2013)

Four themes, availability, vulnerability to hazards, humag
needs (e.g. food security) and sustainability
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Figure source Falkenmarkand Rockstrom 2004



Green water flow

Cllmate change and water security
What are the maln challenges’?
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Green water flow
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Irrigation and rainfed crops

Return flows

Blue water flow

Effects on surface water; flows, timing, frequena
of extremes, etc.
Groundwater recharge

Physical and human dlmen3|ons
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Milly et al. 2008 Science
CLIMATE CHANGE

Statlonarltv Is Dead: Climate change undermines a basic assumption

that historically has facilitated management of

Wh ither Water Management? water supplies, demands, and risks.

P. C. D. Milly,™ Julio Betancourt,2 Malin Falkenmark,? Robert M. Hirsch,* Zbigniew W.
Kundzewicz,® Dennis P. Lettenmaier,® Ronald J. Stouffer’

ystems for management of water
S throughout the developed world have

been des under the
10n of stationarity. Stationarity——
1dea that natural systems fluctuate within an
unchanging envelope of variability—is a
foundational concept that permeates training
and practice in water-resource engineering. It
les that any variable (e.jz., annual streamy
flow or TV T -
ant (or l-year—periodic) probability density
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that has emerged from climate models (see
figure, p. 574).

Why now? That anthropogenic climate
change affects the water cycle (9) and water
supply (/0)1s not anew finding. Nevertheless,
sensible objections to discarding stationarity
have been raised. For a time, hydroclimate had
not demonstrably exited the envelope of natu-
ral variability and/or the effective range of
optimally operated infrastructure (11, 12).
Accounting for the substantial uncertainties
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The Nile river. multidecadal variability
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The Nile: mult
decadal variability
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Climate impact studies
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Schematic for Global
Atmospheric Model
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Physical Processes in a Model
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Source - http:/len.wikipedia.org/wiki/Climate model
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Potential climate changes impact
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Figure source Falkenmarkand Rockstrom 2004



Future climate change impacts related to freshwat

From Bates et al. (200



