The role of groundwater in adapting to the impacts
of climate change on freshwater resources
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« multi-model evaluations of climate change on
discharge reveal consensus in neither the
magnitude nor direction of impacts
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Intensification of precipitation under climate change
« fewer, low and medium intensity precipitation events

- more, very heavy precipitation events (i.e., “extreme events”)
- Allan & Soden, 2008. Science 321: 1481-1484.

is likely that the frequency of heavy precipitation... will increase
1€ 215 century over many areas of the globe. This is
arly the case in... tropical regions” pPccC SREX (p. 10, 18 November 2011)
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more variable precipitation lowers soil moisture reducing crop
yields - groundnut crop in Andhra Pradesh
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per capita reservoir capacity (m?) 5.961
6.000 Grey and Sadoff, 2007. Water Policy, 9, 545-571.
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* resilience of nations to climate variability has been
related to their capacity to store freshwater



distributed nature of groundwater storage, far in excess of

river discharge in Africa, provides resilience to variable and
changing climates
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Actual recharge = 105 mm Actual recharge = 270 mm
Potential recharge = 600 mm Potential recharge = 600 mm
Rejected recharge = 495 mm Flood plain level Rejected recharge = 330 mm
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* more intensive rainfall observed to
favour groundwater recharge
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groundwater depletion in some areas

 Increased dependency upon groundwater is not a
universal climate change adaptation strategy

Groundwater Storage

« groundwater depletion .,
detected from satellite
and In situ data In:

- California (USA) ‘

—_
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- North China Plain .
- High Plains (USA) |

- Dhaka, Bangladesh

-200] Central Valley, California
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Famiglietti et al., 2011. Geophysical Research Letters Vol. 38, L03403.



 return flows from irrigation water also estimated to
exceed groundwater withdrawals in some areas
Increasing groundwater storage
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mm yr-1(1998-2002)
Doll et al. (in press). Journal of Geodynamics



 satellite (GRACE) data provide large-scale, aggregate
changes In terrestrial water storage but require in situ
observations to constrain and resolve these
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Taylor et al. (in preparation)
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* chemical contamination (e.g. As, F) constrains
groundwater use in some environments

Arabian Sea
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 vulnerability of
urban groundwater
to episodic
contamination from
heavy rainfalls
flushing
Inadequately
contained faeces

e substantial nitrate
contamination from
sewage effluent
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e Groundwat\é\r supplies 50% of the wm S drlnklng

water Kundze\/\ncz&DoII 2009. Hydrological Sciences Journal Vol. 54, 665-675. - g
\- \ -
¥, 7
"™ \
-.k
\A o -
> ' " -« dad
) B »
0=, e ” s
jf'*‘. < - e

collecting water from ﬁspnng‘ln&ampa,l __



groundwater supplres 42% of the water used
gIOba”y In IrrlgatIOn Srebert et at 2010 Hydrology& Earth System Scrences Vol. 14, 1863 1880.
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 Increasing dependence upon groundwater could enable
many communities to adapt to the |mpacts of cllmate change
on freshwater resources

~adaptation strategies that exploit natural freshwater storage
are likely to be less costly and more sustainable than
constructed storage Ry
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headwater of River Limpopo, NE Botswana



+ despite the well-known -
potential of groundwater
to Increase access to :
safe water...

low-yielding well in"Mbarata, Uganda



» despite the potential of groundwater to sustain small-scale
irrigation and thereby improve food security and household
iIncomes... (“The Kampala Statement”, www.qwclim.orq)




despite the fact that groundwater sustains vital ecosystems
and the services they prowde

— a'- - ! " ‘., oo pran o i i . .
b —— W'*'Mb—
%'il-mu:.m» «uu,,a\.-mm ~u M e ‘W'

e e == LB

il

-

headwater of River Limpopo, NE Botswana






« data often exist yet there
IS no global programme
(unlike precipitation and
river flow) to colllate
groundwater data
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There is a global "bank™ but very little income.
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International Groundwater Resources Assessment Centre News & Events

June 29, 2010
» Want to trigger your audience?

Welcome to the World of Groundwater

The World's groundwater resources are of key importance to
sustainable development. However, making full benefit from the
available groundwater resources and controlling effectively the
ubiquitous groundwater-related problems are very demanding April 22, 2010

tasks. Sharing groundwater information and experience » International Workshop on New

on a world-wide scale would be of great help in this respect. technologies for the acguisition of
This is what IGRAC supports and promotes. information on transboundary aquifers

IGRAC is dedicated to groundwater information and knowledge in the widest sense, on a MOre NEWS »
world-wide scale and on a non-commercial basis.

June 2, 2010
» EUGENE GEO workshop on water

Global Groundwater Information System-GGIS ISARM2010: "Transboundary Aquifers:

GGIS is an interactive T Challenges and new directions

portal to m[-

groundwater-related §
information and 4l
knowledge. A T

read more x

ISARM2010 International Conference,
Paris, 6-8 December 2010

read more »

INTERNATIONAL GROUNDWATER RESOURCES ASSESSMENT CENTRE

All rights reserved ® IGRAC



In many environments... increased use of
groundwater is a hydrologically sensible (and
viable) adaptation to climate change impacts on

freshwater resources
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 projections of water scarcity defined in terms of mean
annual river runoff and a fixed per capita demand
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 fixed per capita demand of 1000 m?3 year?! (central to
scarcity metrics) grossly misrepresents use in sub-Saharan
Africa currently ranging from 20 to 30 m® year! leading to
pessimistic projections of water scarcity
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need to redefine water scarcity

* link water scarcity to resilience by defining storage
requirements (natural and constructed) from river

discharge data
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