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The theme of World Water Day (WWD) 2022
• Groundwater ‒ Making the Invisible Visible
•
•
•
•
•

Why is groundwater invisible?
Where can we see groundwater?
What are the characteristics of groundwater and its behavior?
How does groundwater respond to abstraction (pumping)?
How can we use groundwater under emergency situation and what
should we prepare for the situation?
• What are the points to achieve sustainable usage of groundwater
and good resources governance?
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Groundwater ‒ our hidden asset
• The term groundwater is usually
reserved for the subsurface water
… (Freeze and Cherry, 1979)
• Hidden below the earth surface
(invisible)

• The importance of groundwater is
easily overlooked. It is a hidden
asset, out-of-sight and out-ofmind, … (British Geological Survey,
1998)
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Groundwater ‒ our hidden asset
• Groundwater makes up 99% of
Earthʼs liquid fresh water and
plays an important role in the
water cycle.
• Rivers, lakes and wetlands are
surface manifestations of
groundwater, exchanging flow
with the groundwater reservoir
that feeds them when they
need water and takes some of
their flow when surface water
is present in excess.
(The Groundwater Project,
https://gw-project.org/theimportance-of-groundwater/)

https://www.grida.no/resources/5606 (Philippe Rekacewicz, February 2006)
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Springs (oases) and wells ‒the places
discharge
where we can see “groundwater” Spring
(Shuri castle, Okinawa,
Spring discharge (Switzerland)

Submarine fresh groundwater discharge
(Toyama Bay, Japan)

Japan)

Dug well (Cambodia)
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Groundwater ‒Part of the water cycle• Groundwater receives
water from surface water
system
(infiltration/groundwater
recharge)
• Groundwater stores water
in subsurface (groundwater
storage)
• Groundwater provides
water to the surface water
system (groundwater
discharge)
• Groundwater is not an
isolated system
https://www.usgs.gov/media/images/water-cycle-poster-natural-water-cycle
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Groundwater ‒Effect of human activityUnit: m3/s
Toyama
bay
River
Oyabegawa
(gaining river)

Groundwater recharge
Groundwater discharge
④Paddy field
irrigation (27.1)

①Prec.
(30.7)

②ET
(8.5)

③Runoff
(18.5)
⑧GW discharge to river
(29.4)

⑤GW recharge
(30.8) ①−②−③＋④

River
Shogawa
(losing river)

⑥GW recharge
from river (5.4)

⑦Total GW recharge
(36.2) ⑤＋⑥
⑩GW abstraction
(2.6)

⑩GW discharge to river
(2.3)
⑩GW discharge to sea
(1.7)
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Modified after Toyama Office of River and National Highway (2004)
https://www.hrr.mlit.go.jp/toyama/common/old/k005kasen/iinkai_soukatu/pdf/soukatu.pdf

Groundwater flow ‒”fast” and “slow”
Toyama
bay

Artesian Basin, Australia (v=0.1 to
0.4 m/year) (Mahara et al., 2009)
Mt. Fuji lava, Japan
(v=16 m/day) (Mahara et al.,
1993)

https://www.grida.no/resources/5611(Philippe Rekacewicz, February 2006)
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Groundwater response to pumping
‒water budget myth• The amount of pumpage can exceed the amount of natural recharge in the basin, and
actually has exceeded in High plains aquifer.
High plains aquifer (US)

• Three sources of water

Unit: million cubic feet per day

to the well
decrease in storage
increase of recharge
decrease of discharge

Alley et al. (1999) https://pubs.usgs.gov/circ/circ1186/pdf/circ1186.pdf

“Perhaps the most common misconception in groundwater hydrology is that a water budget of an area
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determines the magnitude of possible groundwater development.” (Bredehoeft et al., 1982)

Groundwater response to pumping
‒source of water to a well• Two sources of water
• Storage depletion
• Capture: the changes in recharge and discharge
caused by drawdown and changes in hydraulic
gradients resulting from pumping a well
(Konikow and Bredehoeft, 2020)
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Leake and Barlow (2013) https://pubs.usgs.gov/fs/2013/3001/

Groundwater response to pumping
‒temporal changes of capture and storage• Water flow from shallow
(unconfined) aquifer to deep
(confined) aquifer changed
spatially and temporally.
• Storage depletion also
changed spatially and
temporally.
• Necessity to understand the
“systems behavior”
• The reason why hydrogeologists
model.
(Aichi and Tokunaga, 2008）
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Groundwater for emergency situations
• Vrba and Verhagen (2011)
• To consider natural catastrophic events that could adversely
influence human health and life and to identify in advance
emergency groundwater resources resistant to natural
disasters that could replace damaged public and domestic
drinking water supplies.
•
•
•
•
•
•
•

Flood-prone area
Drought
Earthquakes
Volcanic activities
Landslides
Tsunamis
Storms

• Good to further consider the unexpected catastrophic
events, i.e., spread of viruses, war, that could further
adversely influence human health and life and … that
could replace damaged public and domestic (drinking)
water supplies.
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Groundwater for emergency situations
‒an exampleTsunami wave height

Inundation depth

run-up elevation
15 m

Simulated tsunami by Tokyo Disaster
Management Council (2013)

Tokyo Metropolitan Government (2013)

Local preparedness:
3 L bottled water per person per day for
3-day emergency have been reserved
(only for drinking, not considering
temporal visitors).
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Groundwater for emergency situations
‒an example• Through numerical simulations of the groundwater behavior at
the time of an anticipated tsunami, it is possible to suggest
local authorities that
Well (stopped)
Well (pumping freshwater)
Mt. Minejima

3131.5 m

1. Part of the aquifer, at least, can
be used for freshwater source
even after the disaster.
2. Water supply from southern
part of the Island is enough to the
local community during their
post-disaster recovery period.
3. We can suggest local authority
to prepare pumps, generators,
fuels, and clean containers at
well sites in south.

Mt. Setoyama

(Liu and Tokunaga, 2020)

14

Points to consider for sustainable usage of
groundwater and good resources governance
• Groundwater is a part of the water cycle and it interacts with surface water system.
• It is better to introduce integrated approach to handle both surface water and groundwater for
freshwater resources management and for achieving SDG goals.

• Groundwater usage affects subsurface (and surface) hydrological system spatially and
temporally.
• It is necessary to understand the systems behavior of subsurface groundwater (and surface water),
and hence, we should introduce a model for studying groundwater related problems.
• The model cannot be a perfect representation of the subsurface system. We should acknowledge
the limitations of the model, and combine appropriate monitoring activities to better understand
the system and to better manage the resources.

• Groundwater (and surface water) is (are) typical “commons”.
• We should encourage the involvement of variety of stakeholders for the better resources
governance.

• Emergency situation often happens unexpected manner.
• We should conduct proactive action for our society to be able to properly respond to the situation
and for our society to become better for the future.
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