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Water is becoming
a global concern

https://www.oliverwyman.com/our-expertise/insights/2018/jan/global-risks-2018.html



https://www.oliverwyman.com/our-expertise/insights/2018/jan/global-risks-2018.html

Understanding the scale 
of, and interconnections 
between the risks is key to 
building effective 
strategies to manage them



van der Gun (2012)
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Agriculture
is the largest groundwater user



• >40% of global food production rely on groundwater 

(Foster et al., 2015)

• One billion farmers in India, China, Bangladesh and 

Pakistan are dependent on groundwater for irrigation 

(Villholth et al., 2009)

• 20% of global irrigation from groundwater depletion 

(Wada et al., 2012)

• 15% of global food production from groundwater is 

unsustainable 

(Villholth et al., 2016)

Groundwater
and agriculture
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Groundwater withdrawals 

are rising worldwide

Seven countries account 

for 74% of global 

groundwater withdrawals 

in 2010

Trends in groundwater 
development

Taylor (2014)



Global groundwater
abstraction

van der Gun (2012)



Percentage of groundwater-related targets per SDG
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Groundwater 

and SDG 

interlinkages

Guppy et al. (2018)



• GW provides a reliable and suitable water source:

- Often widely present

- In-built distribution and storage

- All-year availability and drought resilience

- Individual access and management possible

- Little loss from evaporation

- Normally a safe source of drinking water

• Increasing demand for drinking water and food

• Better low-cost efficient pumps and wells

• Better knowledge on GW resources

• Increasing attention from governments, private sector and donors

Drivers of
groundwater development
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Which trade-offs?
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Efficient groundwater 
irrigation next to the 
Limpopo River

- Sustainable?





Depletion in India

World Resources Institute: https://www.wri.org/blog/2015/02/3-maps-explain-india-s-growing-water-risks

54% of India’s groundwater 
wells are declining, up to 
more than 1 m per year



Impacts of depleted aquifers

https://pulitzercenter.org/projects/vanishing-groundwater-aquifers-global-
california-india-peru-morocco



• In the San Joaquin Valley, California, damages of subsidence from 
1955 to 1972 were estimated to be $1.3 billion (2013 dollars)

• Total direct and indirect economic losses to California’s agriculture of 
the drought for 2011 was estimated at $2.2 billion. Within that 
estimate, additional groundwater pumping costs are estimated to be 
$454 million

• Degraded water quality from aquifer depletion can reduce water 
supply, requiring alternative supplies, and cause health problems 

• Increased food prices are expected from higher energy costs and 
reduced water reliability

Cost of groundwater depletion

http://waterinthewest.stanford.edu/groundwater/overdraft/

http://www.news.ucdavis.edu/search/news_detail.lasso?id=10978


Challenges of
groundwater management

• Difficult to control the use, and make users 

comply with regulations and restrictions in 

use

• Difficult to determine/decide the 

sustainable use

• Groundwater problems are often 

associated with land use

• Groundwater impacts are slow to appear 

and slow to remediate

• Groundwater dependence is difficult to 

reverse



• ‘The only way to manage groundwater is to make it very costly to use’

• ‘The only way to control the overuse of groundwater is for the government 

to introduce a strict licensing system’

• ‘Aquifer associations and community groundwater management are the 

only real solution’

• ‘The only way to manage groundwater is to have accurate and up-to-date 

information on groundwater resources as well as proper monitoring 

systems’

• Groundwater use is controlled indirectly through food end energy policies

Approaches to sustainable
groundwater management



Climate change impacts
on groundwater

• In arid areas, impacts of climate change on 
groundwater uncertain

• Most vulnerable areas: Arid areas, big coastal 
cities, large tropical deltas, small islands 

• Groundwater is a drought adaptation strategy but 
only to a certain extent

• Groundwater over-abstraction and flooding can 
occur at the same time

• Energy intricately linked to groundwater 
exploitation

• In areas with increased precipitation, like 
Denmark, groundwater levels are rising



Double trouble –
Groundwater during drought

Scanlon et al. (2016)



http://gripp.iwmi.org/natural-infrastructure/

Groundwater-Based
Natural Infrastructure



Circular economy
- Managed Aquifer Recharge

Dillon et al. (2009)



Smart water metering
and smart cards, China

• In Minqin, quotas have 
successfully affected farmers’ 
groundwater use practices

• In Guazhou, water pricing has had 
little impact on farmers’ 
individual groundwater use 
practices

• The case of Minqin exemplifies 
that quotas enable equitable 
water access to all farmers and 
maintain the buffer function of 
conjunctive surface water and 
groundwater use

http://gripp.iwmi.org/2017/12/21/gripp-case-profile-series-issue-2/



‘It seems stupid to 
actually tax yourselves 
and cost yourself more 
money," Messick says. 
"But the big picture is 
you stay in business, you 
keep your community 
whole and everybody 
gives a little.’

Southern Colorado case

https://www.npr.org/sections/thesalt/2017/11/18/562912732/to-save-their-water-supply-colorado-farmers-taxed-
themselves?t=1556724394170



Citizen science

http://www.marvi.org.in/



Solar powered irrigation
- business models

1: On grid: SPICE – Dhundi, Gujarat, India

2: Off grid: Irrigation Service Provider 
(ISP Model)– Bihar, India

4: Decentralized grid: Solar 
Irrigation + Home enterprise3: Off grid: Micro-irrigation  – Ethiopia/Ghana, Africa



Water footprint



Groundwater is becoming
a global concern

Decision: UN-Water decides 
“Valuing Water” as the theme for 
World Water Day 2021, and 
“Groundwater: making the invisible 
visible” as the theme for World 
Water Day 2022. 



GRIPP objective

Sustainable groundwater management for livelihoods, food security, climate 
resilience and economic growth

http://gripp.iwmi.org/



GRIPP 
Core Group 
& Partners



• Groundwater underpins most SDGs, significantly SDG2 (food)

• This goal is increasingly compromising groundwater’s fundamental role in basic water 

supply (SDG6), ecosystem services, climate change adaptation (SDG13), and health 

SDG3)

• Groundwater risks are now recognized as  central to SDGs by key international 

organizations

• Still groundwater needs to be featured more strongly as part of the global and local 

change discourse and the risk management approaches

• Solutions require increasing efforts and investments at all levels, expert and inter-

disciplinary capacity, governance and more effective partnerships (users, researchers, 

governments, international org’s, private sector) to safeguard water and food security 

and socio-ecological systems underpinned by groundwater

Concluding remarks
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