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This Morning’s Outline

I. The Anthropocene context

II. Why uncertainty?

III. Sources of uncertainty

IV. Challenges for water 

planning & decisions

http://upload.wikimedia.org/wikipedia/commons/a/ae/Drinking_water.jpg




Using Resources Without Heeding Long-term Consequences

Battersby PNAS 2017
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Leads to Depletion that Harms All

Battersby PNAS 2017
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Risk versus Uncertainty

❑ Often used interchangeably

❑ Have different implications for environmental 

assessment & decision-making

❑ Risk includes both probability of occurrence & 

consequences associated with event

❑ Risk component – probability distribution setting 

likelihood of event occurring

❑ Uncertainty – probability distributions of 

possible outcomes unknown

❑ Uncertainty implies use of 

precautions



Sources of Uncertainty 

Uncertainty

Climate Change

Future?

Water Supply
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Land Use
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Water Treatment
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Policy
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Technology
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Sources of Uncertainty – Water Treatment 

Uncertainty

Climate Change

Operational Mode

Water Supply

Models

Machines

Measurements

Materials

Water Use

Policy
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Emerging 
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People

after Young 2010



Sources of Uncertainty - Models 

Uncertainty

Climate Change
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Types of Uncertainties in IPCC Models

Gober 2018

(1)

(2)

(3)



Uncertainty

UNESCO 2005



Climate Change
is Water Change



Climate Change is 

Precipitation Change

❑ Quantity

❑ Variability

❑ Timing

❑ Form

❑ Intensity



Projected Changes in Water Cycle



Water Withdrawals Projected to Increase –
2050 (IPCC)



Water Supplies Projected to Decline
(IPCC)



Wuebbles et al. 2014 

Extreme Weather Metrics for 
Recent Decades



Gober 2018

Extreme Conditions vs Ability to Cope



Extreme Events Increase Impact with
Increasing Frequency & Intensity

Gober 2018





Components of Water Quality

Physical – temperature, turbidity

Chemical – pH, nutrients, pesticides

Biological – bacteria, algae



Harmful Algal Blooms

❑ Sunlight + slow-moving water + excess nutrients

❑ Also called red tides, blue-green algae, 
cyanobacteria

❑ Can produce toxins

❑ Expanding drinking-water supply problem 
nationwide

❑ Increases water treatment costs



Salinization
❑ Increase in concentration of dissolved salts

❑ Agricultural irrigation

❑ Road de-icing

❑ Urban runoff

❑ Increases cost of water treatment

❑ Mining 

❑ Damages infrastructure



Emerging Contaminants

❑ Engineered nanoparticles

❑ Personal-care products

❑ Pharmaceuticals

❑ Endocrine-disrupting compounds

❑ Microplastics in tap water, well water, 

bottled water, beer 

❑ Water treatment? Fate?

nanoparticles

microplastics

Emerging Contaminant Citations



Purified Wastewater Purified Wastewater

❑ Technologies in use

❑ Groundwater replenishment in Orange Co, 
CA

❑ Occoquan Reservoir, VA

❑ Legislative hurdles

❑ Psychological hurdles



Aging Water Infrastructure

❑ Water-treatment systems

❑ Water-delivery systems

❑ Sewer systems

❑ Dams and reservoirs

❑ Hazardous-waste storage facilities



Decision Process: Evidence + Agreement

Proactive >>> Reactive
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System-of-Systems Context
for Proactive, Adaptive Water Management



Thank you!
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