
Will the Global Population Have Enough Water to Sustain Itself?

Hans-Peter Plag 
Mitigation and Adaptation Research Institute 

Old Dominion University 
Norfolk, VA



Cynthia Ebinger

Many areas have already reached crisis point, with 
increasing aridity meaning that agricultural output cannot 
support the population. As sealevel rises, freshwater 
resources in the coastal zone will be compromised.

Evelyn Roeloffs

This might be rephrased to emphasize protection of 
biodiversity rather than just supporting expanding 
human population.

It should be noted that fresh water use for 
unconventional hydrocarbon extraction has significant 
impacts in regions where water is scarce, so that
accurate assessment of water resources in those 
areas is crucial.

Kristy Tiampo

Not as things stand now. The numbers are against us 
- groundwater mining and population expansion are 
depleting resources while contaminating a valuable
commodity.

Jeanne Sauber

More specific: How is the global distribution of water 
changing and how will this impact individual countries 
ability to sustain their water needs.

Kang Wang

Likely No.
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Will the Global Population be Able to Govern and Manage Water 
and its Usage Sustainably?



•Demands and Needs: 
- What is water used for? 
- How are humans governing and managing water usage? 

•Supplies: 
- How is fresh water distributed in space and time and what is its quality? 
- How large are the flows of fresh water and are these flows changing? 
- How is the coupled energy-water cycle going to impact the flows under a 

high Earth energy imbalance? 
- Are water quality reduction through direct and indirect human impacts 

limiting the availability of useable water? 
•Geodesy’s contribution: 

- Create knowledge relevant to water governance and management   

Will the Global Population be Able to Govern and Manage Water 
and its Usage Sustainably?
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http://www.unwater.org/publication_categories/world-water-development-report/
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What is water used for?
Demands and Needs

Figure 31 compares global water withdrawal over time in three sectors: agriculture (including irrigation, livestock watering and cleaning, 
aquaculture), industry and municipalities. Note that all withdrawals are not the same in that agriculture consumes water, whereas industry 
and municipalities only use water that is increasingly recycled for other purposes. 
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Source: Comprehensive Assessment of Water 
Management in Agriculture (2007, map 2, p. 11). 
© IWMI, used under licence.
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ETHICS 
SOCIAL NORMS

For human communities, flows are regulated 
by social norms, ethics, and - recently -  
mainstream economic rules, Limitations in the flows 

between a community and its life-
support system limit the growth of the 

community
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Conceptual Framework: 
Earth is a Life-Support System

Flows have accelerated by many orders 
of magnitude in the last 100 years 

Flows also change the anatomy of the planetary 
life-support system.

Everything is about Flows (physiology)

Flows from society into the Earth’s life-
support system are as important as the flows 
from the life-support system to society.
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For human communities, flows are regulated 
by social norms, ethics, and - recently -  
mainstream economic rules, 
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Each Goal comes with up  
to 10 Targets and each 
Target with up to 2 
Indicators.
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http://www.unwater.org/publication_categories/sdg-6-synthesis-report-2018-on-water-and-sanitation/
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https://www.cnn.com/2018/10/19/africa/ethiopia-new-dam-threatens-egypts-water/index.html

Increasing 
challenges with 
water allocation. 

Example:  
Nile River

How are humans governing and managing water usage?
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https://scied.ucar.edu/longcontent/water-cycle

Supplies

350,300 km3

How is fresh water distributed in space and time and what is its quality?

35,030,000 km3 

43,400,000 km3
Freshwater 

Ice and Snow

Surface Freshwater 1% of fresh water

2.5-3% of fresh water
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How large are the flows of fresh water and are these flows changing?
Supplies

100 to 200 years 
10,000 years 
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Energy flows from fossil fuels => human activities => life-support system. 
This impacts other flows in a “re-engineered” system and amplifies imbalances:

In a Dissipative System, small 
changes in a sub-system can 
change the characteristics of 
the system …
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Supplies

What increased the Earth’s energy imbalance by a factor of 106 to 107?

Total energy storage in 200 Myrs: 
Order 100-1000 ZetaJoules

Total energy storage per century: 
Order 1000 ZetaJoules
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• Long-term due to photosynthesis: 10-100 MegaWatt 
Earth’s Energy Imbalance

The Pool-House Effect

Supplies

Challenges:
Better estimates of Earth’s energy imbalance
Impacts of higher energy state on water cycle



Maximum atmospheric water content depends on 
air temperature: 
                           Wmax = f(T3)

How is the coupled energy-water cycle going to impact the flows under a high Earth energy 
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Supplies
Are water quality reduction through direct and indirect human impacts limiting the availability 
of useable water?

Droughts impact water quality

Floods and turbidity 
impact water quality



Changing Flood Risk 
also poses a threat 
to water availability 
and quality.

Trinidad and Tobago Flood, 
October 19, 2018

Supplies
Are water quality reduction through direct and indirect human impacts limiting the availability 
of useable water?



Are water quality reduction through direct and indirect human impacts limiting the availability 
of useable water? Atmospheric Rivers can cause mega floods

Supplies

Energy flows determine flows in the 
Water Cycle …



Nicole Kinsman
The earth is unevenly instrumented, both in the space 
and ground segments, for whole-earth geodetic 
observations of evolving hydrological changes—this may 
be inhibiting analysis of hydrologic changes in some 
regions and therefore has socioecological implications for 
our understanding of climate change and associated 
impacts. Emphasis on more comprehensive whole-
earth science, further development of GNSS 
reflectometry applications, innovative opportunistic sensor 
leveraging and investments in a truly global geodetic 
observation network and workforce are critical to a full 
understanding of our changing planet.

Ben Phillips
Water cycle and related anthropogenic forcings are 
recognized more and more as important drivers of surface 
change identified in geodetic observations. Not only do we 
need to understand these signals to address other scientific
questions such as those related to tectonics, but they also 
can serve as (sometimes controlled) experiments on the 
Earth system. Examples include loading from recent 
hurricanes seen in GPS networks and the influence of
groundwater withdrawal in the California Central Valley on 
local subsidence and proximal uplift of the Sierra Nevada 
seen through GPS and InSAR. Settings such as the latter can 
present an opportunity for controlled experiments, where in 
situ observation of human system inputs (e.g., well logs) can 
be used to help validate models.Evelyn Roeloffs

Since the previous document, there has been a surge in the rate of induced earthquake activity in the central US 
associated with unconventional production of hydrocarbons and injection of waste fluid. Induced seismicity is a 
response to artificial changes in the subsurface storage of water, mediated by pore pressure
increases and/or poroelastic stress changes. However, in some regions injection occurs without inducing earthquakes. 
Does injection in those regions produce aseismic deformation? If so, can we measure it? Why is the response to 
injection seismic in some locations, aseismic in others?

Geodesy’s Contribution
Create knowledge relevant to water governance and management  



Susan Owen

Airborne LiDAR for accurate snow measurements that are currently being used by California for the water resource 
management. Also, space-based observations GNSS and Signals of Opportunity reflections are a potential new way 
to get global snow water equivalent. Much more has been done combining GRACE and GNSS to measure 
groundwater since the last report.

Estelle Chaussard

How can we integrate GRACE, InSAR, and GPS for multi scale analysis of groundwater depletion and to better 
help water management? Can we track water from surface load change on the solid earth to groundwater 
infiltration in porous aquifers (track water throughout its cycle)? How does pore pressure changes influence 
secondary hazards (landslides, volcanic eruption, earthquakes); and can we use fracking as "controlled
experiment"?

Geodesy’s Contribution
Create knowledge relevant to water governance and management  



Hans-Peter Plag

Knowing the flows is fundamental for an understanding of the planetary physiology.

There is a need for an integrated Earth system information/knowledge base.
“Information integration creates consciousness.”

Understanding modern global change as a syndrome requires an integrated (big) database and AI-based analyses

Geodesy’s Contribution
Create knowledge relevant to water governance and management  



Grand Challenge 1 - Key Questions:
• How do the cryosphere, oceans, atmosphere, and solid Earth 

exchange water on a wide range of time scales and spatial scales?
• In what ways is this exchange of water affected by climate change?
• What is the impact of climate change on continental water storage?
• What are the responses of the solid Earth to the redistribution of 

water?
• How does atmospheric moisture change in space and time?
• How does the redistribution of water at the surface impact ground 

water storage?
Long-term Goals for Addressing
Key Questions:
• Integrate multiple ground-based and space-based observing systems 

for measuring vertical and horizontal land deformation, snow height, 
and gravity.

• Develop methods for integration of observations having different 
spatial and temporal resolutions.

• Maintain a stable terrestrial reference frame with sub-1 mm/yr vertical 
accuracy.

• Sustain multiple, concurrent, continuous satellite systems for sea-
surface topography, and time-variable gravity without temporal gaps.

• Improve the spatial resolution and accuracy of space-based gravity
• observations.
• Carry out campaigns for calibration of geodetic measurements 

against local hydrological measurements.

Grand Challenge 1 - Key Questions:
• How large are the flows between the reservoirs in the global water 

cycle and how do they change spatially and temporally?
• How are these flows of water affected by changes in the energy 

cycle?
• What is the impact of climate change on flows of continental water 

and its quality?
• How do the changes in flows impact the continental water 

reservoirs?
Long-term Goals for Addressing
Key Questions:
• How can geodetic observations be integrated into a Earth system 

database?
• What can geodesy contribute to a planetary flow monitoring 

system?
• What can geodesy contribute to a comprehensive description of 

the syndrome of modern global change?
• Can big data approaches, including AI be applied to the Earth 

system database to diagnose the “undiagnosed patient” Earth?
• How can geodesy contribute to constrain the Earth’s energy 

imbalance?

Geodesy’s Contribution
Create knowledge relevant to water governance and management  




