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Water Availability



The global hydrological cycle (per year)
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simulation by integrated global hydrological models

Wada et al., 2013 (ESD)



Simulation of global terrestrial water by the
integrated global hydrological model PCR-GLOBWB
1980-2010 daily time step (time in months) at 5 minutes resolution
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Continental runoff: comparison of studies



Major fresh water stores on earth



Large reservoirs from GRanD , Global Reservoirs and Dams Data base

Reservoirs build since 1900:
10,000 km3 (30 mm of sea-level rise) is stored behind dams



Global water stocks
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Total: 1360 106 km3 (=1 360 000 000 000 000 000 000 liter)



Global water stocks
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There are huge amounts of water, but not distributed equally

Population growth: people are moving into regions with little
renewable water -> result is increasing water stress

Precipitation  (mm per year)



Water Demand



Virtual water: How much water do we use as a person?
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Livestock densities, Irrigated areas,
Population (Total, urban and rural),

GDP, Electricity production,
Energy and household consumption,

Access to water (Total, urban and rural),
Climate data (Temperature, radiation,

cloud cover, wind speed, etc)

Global net water demand (potential consumption)



Livestock (Globe: 16 km3) Irrigation (Globe: 1376 km3)

Industry (Globe: 257 km3)Households (Globe: 199 km3)

million m3/year 2000

The human imprint: Global water consumption (potential abstraction – return flow)

Wada et al., HESS, 2011



Livestock (Globe: 16 km3) Irrigation (Globe: 1376 km3)

Industry (Globe: 257 km3)Households (Globe: 199 km3)

million m3/year 2000

The human imprint: Global water consumption (potential abstraction – return flow)

Wada et al., HESS, 2011

Most water use for irrigation

17% of agricultural area is irrigated
Supplying 40% of the food production

40% of irrigation water consumption
from groundwater



Water Stress
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Calculating Water stress

Water stress ≈ Water Scarcity Index:
D: Surface water demand
A: Water availability ≈ River discharge

(Falkenmark et al., 1997)
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Water Scarcity Index

Wada et al., HESS, 2011



Socio-economic and climate change



Climate versus socio-economic change

Wada et al., HESS 2011

Socio-economic change dominant in the last 50 years
Projections: climate change dominant factor



Wada et al., GRL 2014

Irrigation water demand 2080: climate change only



Adverse effects of water stress



The adverse effects of water stress

Failed harvests and hunger Drying rivers, lakes and reservoirs

Dessication of wetlands Poor drinking water quality



26

Globe N[15,225] + A[420] km3 Globe 734 km3

Groundwater abstraction – Groundwater recharge
All in million m3/year 2000

India                 71 km3

Pakistan            37 km3

USA                  32 km3

Iran                   27 km3

China                22 km3

Saudi Arabia     15 km3

Mexico              11 km3

Globe 256 km3 Wada et al., GRL, 2012

Groundwater
depletion



Sustainability view 1: The groundwater footprint

Gleeson, et al., Nature, 2012.
Global groundwater footprint = 3.5 times the
global area of productive aquifers
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20% of the global groundwater consumption for irrigation comes from non-renweable groundwater

Wada et al. (2011; WRR)

Sustainability view 2: Contribution to food production



GRACE and groundwater depletion



Detrimental effect:
salinisation and subsidence
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Past reconstruction and future projections: 1900-2100

Wada et al., GRL, 2012



Next step: Global groundwater modelling

De Graaf et al. (to be submitted to WRR);
objective: analysing global groundwater over-exploitation

Global groundwater depth



Next step: Global groundwater modelling

Global groundwater depletion

De Graaf et al. (to be submitted to WRR);
objective: analysing global groundwater over-exploitation

Global groundwater depletion



Adaptation and mitigation



Local solutions: Adaptation

1562 becomes 1292 m3 per year
Become a veggie!

More dams Improve irrigation

Different crops

Russell J
Rodriguez

Better crops Birth control

Ea,i
E p ,i

Ea,i
E p ,i



• Rainwater harvesting
• Enhanced and/or artificial recharge
• Artificial recharge and recovery
• Conjunctive groundwater and surface water use
• Re-use, cascading and re-circulation

Local adaptation:
Water management and water technology

National and international economic measures

• Water pricing
• Subsidies
• Investment: financial arrangements (e.g. ppp)
• Investment: tax arrangements



Questions?

Global groundwater depth
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Validation streamflow
Rhine Danube

Mississippi

Comparisons with GRDC stations
(N= 1978) in monthly discharge (m3/s)

R2

Minimum           0.855
Mean                  0.909
Maximum          0.775
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Verification

Large deviations
≥ +50%
Greece
Iraq

≤ -50%
Mali
Turkmenistan

FAO AQUASTAT
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Total water demand
R2: Coefficient of determination α: Slope
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USGS

This study

[Per county]

[0.5o]

Groundwater abstraction

million m3/year 2000

Validation
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Correction

Validation

Compare to independent,
mostly volume-based,
estimates

Our estimates tend to
overestimate depletion in
non-arid regions

Global total (year 2000)

This study: 204 km3/year

= 0.57 mm/year

Konikow (2011): 145 km3/year

= 0.40 mm/year



Mechanism of GWD
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Natural situation: P > Epot

Recharge = P – E - Runoff



Mechanism of GWD
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Natural situation: P < Epot



Mechanism of GWD

44

Q
Single well



Mechanism of GWD
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Q QQ

Many wells



Mechanism of GWD
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Q QQ

Many wells: finite aquifer
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Net Contribution from TWS Change to Sea Level 1900-2100

Wada et al., GRL, 2012


