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Water is the victim of climate change & Water is the victim of climate change & 
extremesextremes
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Water supply:Water supply:

3 mill. humans (mostly children) die every year from water related diseases

Sanitation:Sanitation:

GW is water undergroundGW is water underground
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Global figures for GW useGlobal figures for GW use

•• Total annual GW abstraction: 1000 kmTotal annual GW abstraction: 1000 km33

 ~ 20% of global water abstraction~ 20% of global water abstraction
 ~ 8% of renewable GW reserves~ 8% of renewable GW reserves
 ~ 0.0001% of global GW reserves~ 0.0001% of global GW reserves
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Groundwater useGroundwater use

GW resources GW used 
today

GW understanding 
and mgt.

Upper limit 
for 
sustainable 
use

Groundwater not inexhaustibleGroundwater not inexhaustible
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GW provides potable water to 45% GW provides potable water to 45% 
of the global populationof the global population

GW is often the only alternative for water GW is often the only alternative for water 
supply in arid and semisupply in arid and semi--arid areasarid areas
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Groundwater development is on the rise
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The majority of groundwater is The majority of groundwater is 
used in agriculture, used in agriculture, ~~ 70 %70 %
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GroundwaterGroundwater irrigatedirrigated areaarea

Ref:

FAO Aquastat
2003 and other
sources

In 1000 ha

40 % of global food production is 40 % of global food production is 
produced by groundwater irrigationproduced by groundwater irrigation
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In India, China, Bangladesh and Pakistan In India, China, Bangladesh and Pakistan 
one billion people depend on GW for one billion people depend on GW for 
agricultureagriculture

Development of technologyDevelopment of technology

From the dug well to 
the deep borehole

From the waterwheel to the 
submersible pump 

From the water witches to 
hydrogeology

From the dug well to 
the deep borehole

From the dug well to 
the deep borehole

From the waterwheel to the 
submersible pump 

From the waterwheel to the 
submersible pump 

From the water witches to 
hydrogeology

From the water witches to 
hydrogeology
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•• MDGsMDGs:: Water supplyWater supply

Food productionFood production

•• Drought proofing, climate Drought proofing, climate 
change adaptationchange adaptation

Groundwater as a strategic resourceGroundwater as a strategic resource
g15

GW for agriculture, AfricaGW for agriculture, Africa

•• Not developed significantlyNot developed significantly
•• <5% of cropland in Africa is irrigated, <5% of cropland in Africa is irrigated, 

comp. to one third in Asiacomp. to one third in Asia
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g15 It is a matter of access, more than availability
geus, 27-5-2009
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Climate change on GWClimate change on GW

•• In arid areas, recharge impacts of CC difficult to In arid areas, recharge impacts of CC difficult to 
predict predict 

•• GW can be a drought prevention strategy but GW can be a drought prevention strategy but 
only to a certain extentonly to a certain extent

•• EnergyEnergy intricately linked to GW exploitationintricately linked to GW exploitation

•• CC exacerbates existing water problems CC exacerbates existing water problems 
(variability, uneven distribution)(variability, uneven distribution)

Groundwater is invisibleGroundwater is invisible

g14
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g14 GW is invisible. This means that to understand it and its behavious, we have to do a lot of sampling 
which is generally costly and relatively cumbersome.
It also means that GW contamination may go unnoticed for many years, and often it is only apparent 
when it reaches an exit to open water, e.g a well or a surface water body, and then it may be late to do
anything about it.
geus, 8-5-2009
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GW is GW is invisibleinvisible =>=>
•• For the For the usersusers::

–– They think it is an They think it is an infinite and separateinfinite and separate resourceresource

•• For the For the policy makerspolicy makers::
–– No attentionNo attention

•• For the For the researchersresearchers::
–– They have to They have to do a lot of samplingdo a lot of sampling which is which is 

generally costly and relatively cumbersomegenerally costly and relatively cumbersome
–– GW GW contamination may go unnoticedcontamination may go unnoticed for many for many 

years, and often it is only apparent when it years, and often it is only apparent when it 
reaches e.g. a well or a surface water body, and reaches e.g. a well or a surface water body, and 
then it may be late to remediatethen it may be late to remediate

The The 
hidden hidden 
droughtdrought

300 m300 m
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Baseline 
situation

0

Availability and 
accessibility of 
adequate quality
groundwater
greatly exceeds
small dispersed
demand

Registration of 
wells required, 
together with
maps of 
occurrence of 
usable resources

Incipient stress 
an

1

Growth of aquifer
pumping, but only
few local conflicts
between
neighbouring
abstractors

Simple 
management tools
(e.g. appropriate
well-spacing
according to 
aquifer properties)

Significant
stress

2

Abstraction
expanding rapidly
with impacts on
natural regime 
and strong
dependence of 
stakeholders on
ressource

Regulatory
framework
needed, based on
comprehensive
assessment

Unsustainable
development

3

Excessive 
abstraction with
irreversible aquifer
deterioration and 
stakeholder
conflicts

Regulatory
framework with
demand
managemnt
and/or artificial
recharge urgently
needed

Sustaintable
development

4

High-level of 
abstraction, but  
sound balance 
between
stakeholder
interests and 
ecosystem needs

Integrated
management with
high-level of user
self-regulation,  
aquifer modeling
and monitoring
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GW use is often underestimated GW use is often underestimated 
and disregardedand disregarded

g11
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g11 Other examples:
- Europe: GW was not considered specifically (in a separate supplemental directive) in the WFD until 
2006, 6 years after the overall framework was agreed upon
- FAO statistics
- GW chapter in in book 
geus, 8-5-2009
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Groundwater increasingly acknowledgedGroundwater increasingly acknowledged

•• Europe: Groundwater DirectiveEurope: Groundwater Directive
•• River basin mgt. <River basin mgt. <--> aquifer mgt. (IWRM)> aquifer mgt. (IWRM)
•• FAO statistics of GW irrigationFAO statistics of GW irrigation
•• GW into laws (national & international)GW into laws (national & international)
•• African Groundwater Commission under African Groundwater Commission under 

AMCOWAMCOW
•• GW data, maps and knowledgeGW data, maps and knowledge

g12

g13

k13

k14

k15

GW development  GW development  --> > towardstowards
GW managementGW management

GW mgt in citiesGW mgt in cities

Waste handlingWaste handling

Protecting GW from Protecting GW from 
flooding disasters flooding disasters 
and preserving it for and preserving it for 
disaster water supplydisaster water supply

Environmental Environmental 
protectionprotection

LivestockLivestock--human human 
link to GWlink to GW
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g12 GW was not considered specifically (in a separate supplemental directive) in the WFD until 2006, 6 
years after the overall framework was agreed upon
geus, 8-5-2009

g13 AGWC is being established under the AMCOW, African Ministers' Council on Water, which was 
established between all African countries in  2002 to promote cooperation, security, social and economic
development and poverty eradication among member states through the management of water 
resources and provision of water supply services.
geus, 8-5-2009

k13 GW previously an ad-on to river basin mgt. plans and agreements on international water sharing, now it
is being explicitely considered, e.g through the ISARM projec and draft international law
kgv, 10-12-2009

k14 'Principles of Water Law and Administration' from 1992, ammended in 2007 with a specific chapter on 
GW.
kgv, 10-5-2009

k15 FAO admits in a report on CC that ther statistics on irrigation is underestimating the contribution from 
GW.
kgv, 10-5-2009
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LadderLadder of of 
participationparticipation

GrundfosGrundfos LifelinkLifelink
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GrundfosGrundfos LifelinkLifelink ()()

LifelinkLifelink Business modelBusiness model
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GroundwaterGroundwater zones of zones of AsiaAsia

wI & Ch

eIGB

Pak
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••RainRain--fed farmingfed farming
••Leasing out land to Leasing out land to 
tubetube--well ownerswell owners
••Use of kerosene to Use of kerosene to 
replace dieselreplace diesel
••Rental market for Rental market for 
pumpspumps
••Use of fuelUse of fuel--efficient efficient 
Honda pumpsHonda pumps
••Use of plastic pipelines Use of plastic pipelines 
for conveyancefor conveyance
••Diversify livelihoods and Diversify livelihoods and 

work for larger farmerswork for larger farmers

eIGBeIGB

••Conjunctive use Conjunctive use 
of GW and of GW and 
surface watersurface water
••Farmers crop Farmers crop 
intensively and intensively and 
grow more water grow more water 
saving crops or saving crops or 
cash cropscash crops

•• Crop Crop 
diversificationdiversification
•• InstallInstall deeperdeeper
wellswells
•• EfficientEfficient pumpspumps
•• Simple water Simple water 
saving techniquessaving techniques
•• Income Income 
diversificationdiversification
•• MigrationMigration

PakPakwIwI & & ChCh

CopingCoping strategiesstrategies
g16
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g16 Percentage of irrigation water from GW: 68_100
geus, 8-3-2009
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Key messagesKey messages
•• Groundwater inevitably will play an even greater role in Groundwater inevitably will play an even greater role in 

the future, due to population and economic developmentthe future, due to population and economic development

•• Irrespective of reasons for climatic changes and Irrespective of reasons for climatic changes and 
possibilities for mitigating the effect of climate change, possibilities for mitigating the effect of climate change, 
groundwater will be a key resource for adapting to groundwater will be a key resource for adapting to 
climate change and extreme eventsclimate change and extreme events

•• Policy makers, researchers, managers, and developers Policy makers, researchers, managers, and developers 
involved in water and climate change adaptation have to involved in water and climate change adaptation have to 
come together to drive an agenda towards more focus come together to drive an agenda towards more focus 
on and better and innovative approaches to groundwater on and better and innovative approaches to groundwater 
development and managementdevelopment and management

Thank you!Thank you!

Contact:

Karen Villholth

kgv@geus.dk


