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The importance of groundwater
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THE WORLD’S WATER RESOURCES

Imagine:

All the water on the planet =

150 LITRES s e BUT JUST
, - ARE FRESH !!

Source: Prof Ken Howard, Osaka Cut, 2003
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The importance of groundwater

Out of these 4 litres:

3 litres are frozen (earth’s ice
caps, permafrost regions)

... leaving one lonely litre of
freshwater

... and 99% the lonely litre of freshwat
is GROUNDWATER !!
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The importance of groundwater

UNESCO estimated people living in water stressed situation:

® 0.5 bi"ion in 2000 g . .’-!H_ei;;f‘: __i - 2 -"r.‘- | \E" .':‘r hm;;;‘ :w;‘::! -:--:';:;_L{é%__» f_.
* 2.8 billion in 2025 S ' e |
* 4.0 billionin 2050

Community well in Gujarat, India
(2003): water table declining 3 m/yr

Photo: Amit Dave, Reuters
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Challenges

Water sfored
trdergrowmd o
erachks and pores

Groundwater studies: art of studying and informing about
what we cannot see

Stationary is dead
Lack of data
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me o Lack of governance
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Motivation for GRAPHIC
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GRAPHIC
GLOBAL COMMITMENT
TO GROUNDWATER AND
CLIMATE CHANGE

To better understand the effects of climate change on global groundwater
resources, the United Nations Educational, Scientific, and Cultural Organisation
(UNESCO) International Hydrological Programme (IHP) initiated the GRAPHIC
(Groundwater Resources Assessment under the Pressures of Humanity and

Climate Change) project in 2004.
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Motivation for GRAPHIC

Vision of GRAPHIC:

m advance sustainable groundwater management considering projected climate change and linked
human effects.

Mission of GRAPHIC:

m provide a platform for exchange of information through case studies, thematic working groups,
scientific research, and communication.

m serve the global community through providing scientifically based and policy-relevant
recommendations.

m use regional and global networks to improve the capacity to manage groundwater resources.




How do we do it?

Networking




GRAPHIC: A global network with many partners

* More than 100 members from different regions

* Partners: academia, geological surveys (USGS, ...), research centres
(NASA, IGRAGC, ...)

* Annual meetings

 GRAPHIC has regional studies in Africa, Asia and Oceania, Europe,
Latin America, and the Caribbean, and North America

* More than 20 flag case studies 2

Flag Basins:

e North West Sahara (Africa)

¢ lullemmeden Basin (Africa)

* High Plains (North America)
e Guarani (South America)

* North China Plains (Asia) N\ |

* Baltic Artesian Basin (Northern Europe) D e

e Great Artesian Basin (Oceania) e — E + 6wwm

Several addition study aquifers.




GRAPHIC: Leader in research

Journal of Hydralagy 405 (2011) 532-560

REVIEW ARTICLE

dlmate Chaj]g: PUBLISHED OMNLINE: 25 NOVEMBER 2012 | DOE: 10,1038/ NCLIMATE 74 Cantents lizte avaiisbie at Seiancelirect

Journal of Hydrology
Ground water and climate change

Richard G. Taylor et al.*

As the world's largest distributed store of frash water, ground water plays a central part In sustalning ecosystems and enabling

_nmphihnh:hm“ﬂﬁllltyudcllm The strategic Importance of ground water for global water and food secu-

lltywlllpluhblylnmﬂ_durclmm h: and Intense climat: d floods)
bliity In precipitation, sul-ulmlmlndﬂlrhmnw Hﬂmaﬂc‘ymmlmm:mi@miﬂpﬂ:ﬂ

journal homepage: www.elsevier.comflocate/jhydral

Review papers
Beneath the surface of global change: Impacts of climate change on groundwater

::lm on ground water through natural and |“I:Ill -induced ml:':!llll ugh eroundw; Timothy R. Greenf“ Makoto Taruguchl Herk Kooi®, Jason ]. Gurdak®', Diana M. Allen®,
climate system. Furthermore, we possibk using
resources In climate and the lack of gr ‘which, at mﬂl. limits our Kewvin M. Hiscock', Holger Treidel %, Alice Aureli ®
understanding of the dynamic relationship between ground water and climate. AUSDA, Agricubtural Resanrch Service [ARS | Fort Codins, O, LISA
B Resagrch incrinste for Humaniry and Nafe (RIHN), Kyeds, japan

round water is an almost ubiquitous source of generally  accumulations of chloride in unsaturated soil profiles within these W Umiversity, Amsterdom, The Netherund:

high-quality fresh water. These characteristics promote its  basins indicate that little (=5 mm yr ') or no recharge has since an Frncon Sime Universily, C4, LA

widespread development, which can be scaled and local-  taken place; which is the case across many of the basins. Stable e “km:;m  Bumaby, ﬁcm
ized to demand, obviating the need for substantial infrastructure’.  isotopes of oxygen and hydrogen, together with concentrations of ‘:‘::;2:)' Fnggn, | (HP), Paris, Prmce

Globally, ground water 15 the source of one third of all fresh-
water withdrawals, supplying an estimated 36%, 42% and 27%
of the water used for domestic, agricultural and industrial pur-
poses, respectively®. In many environments, natural groundwater
discharges sustain baseflow to rivers, lakes and wetlands during
periods of low or no rainfall. Despite these vital contributions to
human welfare and aquatic ecosystems, a paucity of studies on the
relationship between climate and ground water severely restricted
the ability of the Intergovernmental Panel on Climate Change
(IPCC) to assess interactions between ground water and climate

noble gases, ulggesl lhal recha.rge ocl:u.rred u.nder couler dunmes

Rate of papers addressing
groundwater and climate change:

EY

& encampasses changes in the characteristies af inter-related climate varisbles in space and

vl changes in termestrial procemes, inchiding human sctivities that sffec the emimmn-
projected ghibal change inchides groundwater systems. Here, groumdwater is defined o
wiater including soil water, desper vadlose zone veter, and unconfined and anfined sgquifer
ial effects of climate change combined with Lind and water manag ement an surface waters

change in both its third* and fourth* assessment reports. There has  able stora pelieed in same detail Equivalent studies of groundwater systems have lagged behind these
sim:egzeen a marked rise in published research’"pa.;:lplying local-  storage an%e 70 210 research Tul.h."m‘hmM1mﬂFa’!m c?m:jfmﬂ:g:xg;hmhub:n::d-
to global-scale modelling, as well as ground-based and satellite  critical impd A alymh;d “m'“.elr:‘: c‘?m‘:“.z & - Ve aspects af subsur-
monitering, which has considerably enhanced our understanding  sounce of grd rate . e mwwg mrq“‘“.““gmh quality, tag o me‘SL e b
of interactions between ground water and climate. Here we build  ity, this non- o 12 Blba] change st indude prudent mansgement of gouduster & 3 enewalie but
on an earlier broad-based overview® of the topic, and examine  and is mined 60 " 180 _J:E"Lc“: in mast ﬂ’;‘ roundwate “:;F “i . H‘a‘ um-u'pred jn":w:'g_:mm.
substantial recent advances. These include emerging knowledge = @ = cumulative B e storage may akey tomeeting - "« alagriculiure industry.
f the direct and indirect (through groundwater use) effects of Direct i [l damestic veater supply. and ecosystems during times af sharta ge. The future intensity and
i L and e e B o 2 i s combined with warming trends need 1o be ddressed in the context of ground-
limate forcing — including climate extremes — on groundwater  from both di * Ty pErics cam g &
c 5 g ground jections i andl time are fraught with wmeertainty. Finally, poten-
resources, as well as feedbacks between ground water and climate,  age from suy 50 * 150 -;5 ﬁ u":;&h w;:rm‘*“:] :!P:: lar X Research to i m
such as the contribution of groundwater depletion to global sea-  lakes) and if = 3 p{uuw " P m] . S]d i - m:w'::" Mﬂgﬁj el .d_f:” mﬁ“d“.;
level rise. Furthermore, we identify critical gaps in our under- on land cov| s " s'h?hﬂ Jasint ors af climate and graundwiater is - S s on eas
standing of the interactions between ground water and climate. largely deter] > N ¥ Published by Hsevier BV
the underlyi| g 40 120 S
Influence of climate on groundwater systems surplus (pred »
Climate variability and change influences groundwater systems ted and stor g * ‘s
both directly through replenishment by recharge and indirectly  recharge glol L]
through changes in groundwater use. These impacts can be modi-  lent to ~30% g 30 & 90
fied by human activity such as land-use change (LUC). mean per cal - -
These estim{ .'6 . - 533
Palaeohydrological evidence. The long-term responsesof ground  based on a - b )
water tuy:ilimlomflforting, largely ind.epgendem DfPI‘:nman as:I?\'ity, aquifers. Fuy 20 & 80 .D subsurface witer - -
can be detected from palaechydrological evidence from regional  not include - E b anel rreiect
aquifer systems in semi-arid and arid parts of the world (Fig. 1).  can be subst: o
Much of the ground water flowing in large sedimentary aquifers Spatial va - 5 T
of the central United States (High Plains aquifer), Australia (Great  the distribui o o
Artesian basin), southern Africs (Kalahari sands) and North Aftica  is strongly 1 i A“ ' 30 - M Of'e tha n 100 SCI entlflt
(Nubian sandstone aquifer system) was recharged by precipitation  extremes (dr| B .
thousands of years ago'™". As evaporation and plant transpira- climate varial T
tion consume soil moisture but leave chloride behind, substantial — at multiyear E
T T T r v r v v ]
“A full list of author names and their affiliations appears at the end of the review article. 1990 1992 1994 1996 1998 2000 2002 2004 2006 2008 2010 pa pe rs SInce GRAPH Ic
MATURE CLIMATE CHANGE | ADVANCE ONLINE PUELICATION | www.natiuse com/natureclimatechange Year
" Hg— Figure 1.1, Rate of peer-reviewed journal paper publications addressing groundwater and climatg] .
NS} change from 1990 to 2010, A total of 198 papers addressing subsurface water and climate changg was I aunc h ed in 2004
—-%’3'7 '\\-/'!I are included. Final references were compiled in February 2011, so some papers published late ir]
GRAPHIC 2010 may be missing (modified from Green et al. 2011),




GRAPHIC: Capacity building

Training workshops for students and early-career scientists

G@GPS Project International workshop 2015

e Longterm groundwater dynamics — Tunisia, Nov 2010, with ;
INQUA i |
* Groundwater as a key for adaptation to changing climate and O b 0
society — Japan, Nov 2010 4 Emm—sae
* Methods for Assessing the Impacts of Climate Change and e
Human Activities on Groundwater Resources — Focus on Asia,

China, Oct/Nov 2011 (IAH, Sun Yatsen University) sl

The im of the mestng is bo present talks on progress wikin the GEIGPS group n
20142005, Discussion of fukry civies. pev s, oetngs (g, INGUA
Congress, Nagoya. 2015) proirsals, sad Dossibin aceonmic ohange of stall
and stucerts

Lgtevs am conedunty 1o modt GEIGES SaMopants, b presont reovan states
and fefatud 1o

* Mozambique, Nov 2013 — with INQUA and G@GPS wm;“fg_ﬁi%ﬁm%

e Guangdong Province, China, Dec 8-13 2014 — with INQUA and — ©
G@GPS =22l $4daces |
e Tallinn, Estonia July 5-9, 2015, with G@GPS e

Groundwater and Global Palaeoclimate Signals

2013

ICSU-INQUA-IGCP-GRAPHIC
Workshop 14-19 Oct 2013
Bobole, Mozambique
3" and final announcement




GRAPHIC: Outreach and communication

Translate our scientific findings into concrete actions for better
management and outline policy relevant recommendations

GRAPHIC at COP21: Official release of 2 position

papers by GRAPHIC at COP21:
INTERNATIONAL

CLIMATE NEGOTIATIONS
— NEED FOR MORE EXPLICIT
GROUNDWATER S

GRAPHIC

GRAPHIC

GROUNDWATER
CLIMATE CHANGE

GRAPHIC GRAPHIC

GROUNDWATER GROUNDWATER
AND CLIMATE CHANGE AND CLIMATE CHANGE

-« ™

Small Island Developing States (SIDS)

j‘ a—n ' n

Launch of GRAPHIC position paper at the COP21




Scientific Findings and Policy Relevant Recommendations

Research in 30 countries: 60 authors

INTERNATIONAL ASSOCIATION OF H‘I'D-RlJGEOLOEiISTi L Research Themes & Topics:

s - (climate variability and change)

__;" " o A e variety of settings: alpine, agricultural,
= ; E’,‘.’%’\\ = island/coastal, urban

- — * land-use/land cover
0.4 f i e storm surge
* seawater intrusion
Climate Change Effects * land subsidence
IR C AL Tl LRIl  ° effects on recharge (17 of 20 studies)
A Global Synthesis of Findings and Recommendations ° response to drought
* response to permafrost/glaciers melt
e dependent ecosystems (GDE)
* falling/rising water tables
e groundwater quality
e GRACE: GW depletion rates

-5 * statistical downscaling; GCMs

@% N * ENSO, NAO, PDO, AMO

'\\—-/'!I
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Scientific Findings and Policy Relevant Recommendations

>75 major scientific findings &
policy/management recommendations

Need for interdisciplinary and multidisciplinary collaboration

Work on global/national monitoring and database programs

Temporal lags in responses to land-use change, climate, pollution

Improve understanding of recharge stories and how they
improve adaptation/management

GW response to global-scale oceanic-atm. climate variability (ENSO, PDO, NAO, ...)

Need for strategic management and governance
(domestic and transboundary level)

GRAPHIC




Transboundary aquifers and transboundary river basins

Efi/_.;: Transboundary Aguifers (TBA)
|:| Transboundary River Basins (TBRB)

- "
GRAPHIC




UNESCO’s leading role in transboundary GW governance

ISARM =) TWAP mmmd) GGRETA

ISARM (2000-present):

International Shared Aquifers
Resources Management

Inventory of Transboundary Aquifers
(TBAs)

TWAP (2013-2015): gef

TB waters assessment program
Global assessment 166 TBAs

Schweizerische Eidgenossenschaft
0 Confédération suisse

Confederazione Svizzera

nnnnnnnnnnnnnnnnnnn

GGRETA (2013-2015): —

and Cooperation SDC

Governance of Groundwater

Resources in Transboundary Aquifers |

In-depth assessment of TBA case
studies

Spatially differentiated information,
maps
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The Stampriet Transboundary Aquifer
(Botswana, Namibia, and South Africa)

Area: 86 000 km2
A | | GROUNDWATER RESOURCES
A \ ooh ST _ GOVERNANCE  Rainfall: 150-300 mm/yr
ANy oS GG . in TRANSBOUNDARY AQUIFERS
gy~ = o i S "Het;;lmanlle'. - !
(e diEEiTEE MR = (GGRETA Project)

- I s W e T R ion:

\ e & T Aminuis e Stampriet Transboundary Aquifer System POPUIatIon' 50 000

X e Rel ey .- s . / Land Use

g S SME —_ o Legend Human dependency on
- ,R;} ¢ \Villages and settlements . 0,
S s sty groundwater: 100%
u National Boundaries
——— Rivers .
2 _.;,H?\L -m-nn-:.]:l Farms with irrigation areas Increased Interannual
RN variability (more floods + more
Rangssoh - Agricultural Land droughtS)
T ' .. National Park
. :I Wildlife Management Area
SoUT) Main economic activity:
S e Agriculture and livestock

Ao

(highly climate change
dependent)

Need to assess climate variability
impact on shallow aquifers _ 70% of abstraction occurs from
rehacrge shallow and highly vulnerable
aquifers



Climate Change Adaptation in the Stampriet aquifer

Objective:

Assess the impact of climate
variability in recharge despite the
lack of data to support sound
management strategies

Methods:

. Gravity Recovery and Climate
Experiment (GRACE):

- First satellite mission able to
monitor total water-storage
changes (including
groundwater) remotely

Global datasets for precipitation,
runoff and evapotranspiration

Simplified water balance models

Limited water level / borehole data




Climate Change Adaptation in the Stampriet aquifer

Cha"enge
GRACE’s limited time scale
(10 years) _ Extended GRACE
o A better understanding on - Period Period
how natural climate = — v
variability (ENSO, etc...) £ 150 [ 5 “g”c?r"e?ﬁ'é:ﬁ";‘i%iampﬂen
o o . & orenole eynrus
affects precipitation and 2 Sl
groundwater storage needs g
time scales > 10 years o 50
(4]
g o
° 1]
Solution: S 50
ge)
[
3 -100
@
-150 ' ' '
Jan 80 Jan 90 Jan 00 Jan 10
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Climate Change Adaptation in the Stampriet aquifer

Main findings:

 Shallow aquifers are highly responsive to 200 | , , , ,
E 150 | Model (GPCC) _ |
* Strong correlation between ENSO and - cD} EEERE:? ; Eg”::;:m:g)
groundwater levels @
% 100 - .
* El Nino years (ENSO+): falling water table S =
v 90 i
o))
* La Nina years (ENSO-): rising water table g i
2 Of ’ 1
* Need to strengthen links with @ e
metereological agencies g -50 . .
-E + ! +D@ 1] 1 | 1
* Efficient CC adaptation strategies require 3-100 9 218 o o] o i
stakeholder consultation from basin @ E E E £ % %
(ORASECOM) to local (farmers) _150 | | | I"” |.u| , |

Jan 10
* Work will provide further guidelines for Jan 80 Jan 90 Jan 00

agriculture and livestock planning (especially
during drought periods) = P
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Become involved with GRAPHIC

GRAPHIC .
NEWS woiE EE GRAPHIC

GRAPHIC News n° 1 January 2016

Dear GRAPHIC members,

Happy new year and best wishes for 2016

Since its launch in 2004, the UNESCO International Hydrological Programme (IHP) G HIC

(Groundwater Resources Assessment under the Pressures of Humanity and Clim nge)
project (www graphicnetwork net) has provided water practitioners wil xange
information on groundwater and climate change through case st o@urs,

scientific research, and communication
The idea of a newsletter arise to meet or informati Bwchange. Each quarter,

GRAPHIC NEWS will give yguaan ol 1 research publications, studies and projecis

related to groundwy [+ cl npunce events that may be of interest to you.
This u t

ter find
el | 0 inform us concemning your activities, publications and
projects, an gigus ck about this newsletter.

Please, ¢ ct and join us at email - t.carvalho-resende@unesco.org
In this edition:
- COP21 and groundwater
« Paris Pact

+ GRAPHIC at COP21. Launch
of the Position Paper

+ GRAPHIC in the Press

« Recent publications and events
by GRAPHIC members

+ GRAPHIC upcoming events
« What's next?

=
Launch of GRAPHIC Position Paper at the COP21

Please sign up for our newsletter & mailing list: http://www.graphicnetwork.net/newsletter/

i % b t.carvalho-resende@unesco.org

GRAPHIC



http://www.graphicnetwork.net/newsletter/
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