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Decision Center for a Desert City II

Background:
 NSF’s Decision Making Under Uncertainty (DMUU) Initiative

 Reframe climate change question to focus on decision making

 Create “what if” scenarios under conditions of policy change

 Boundary organization



Global Institute for Water 

Security



Today’s Presentation

Integrated modeling for decision support 

WaterSim 1.0-5.0

 Process more than a product

Approaches for dealing with uncertainty—

sensitivity analysis, scenario planning, 

consultation and deliberation

Research outputs

Stakeholder engagement—what we 

learned from decision makers



S. H. Schneider and Kristin Kuntz-Duriseti. 2002. Uncertainty and climate change policy. Climate Change Policy: A Survey. 
S. H Schneider, A. Rosencrantz, and J.O. Niles (eds). Island Press.  



Other Sources of Uncertainty 

Designation of endangered species

Legal designations of Native American 

water rights

Political forces

Population and economic growth

 Enforcement of AZ Groundwater 

Management Act

Decisions by neighboring communities



Uncertainties in human systems
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Uncertainties in human systems



Stationarity Assumption
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Infrastructure and Operations



25-yr running means of reconstructed and observed annual flow of the 

Colorado River at Lees Ferry, expressed as percentage of the 1906-2004 

observed mean (Meko et al. 2007).

Colorado River at Lees Ferry, AD 762 - 2002

Low-frequency variability and persistent periods of low flow



AL/SK FLOWS (1928-2000)
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“Stationarity is Dead”



Uncertainty is growing. 



“More knowledge, Less 

Certainty”



Problems of “Deep 

Uncertainty”

Parties cannot agree upon:

The fundamental driving forces that 
will shape the future and/or the 
models that describe them

The probability distributions used to 
represent uncertainty and key 
variables and parameters

How to value alternative outcomes 
(gains or losses?)



New Questions for Problems of 

Deep Uncertainty

 What kind of future do we want and what decisions do 
we need to make to get there?

 What is the range of how the future might look and how 
do we avoid regrettable outcomes?    

 “What if-ing” What are the consequences of particular 
decisions in a complex system?  
 Inflection points

 Critical feedbacks (water-energy nexus)

 What policies work best across a range of climate 
futures?

 What are the costs of delaying decisions?

 What are the tradeoffs between these costs and the risk 
of making expenditures that are not necessary?



WaterSim 4.0



Trace effects on WaterSim

results



Trace Analysis--Colorado



WaterSim in Decision Theater







Critical Trade-off: Lifestyle and  

Sustainability 

50% for outdoor use



Water use increases with urban 

densities. 



Sensitivity Analysis



Gober, P. and Kirkwood, C. W. 2010. Vulnerability 

assessment of climate-induced water shortage in Phoenix, 

PNAS, 107(50).



Business as usual vs. slow growth, high 

density, desert landscaping, and no pools.



Robust Policy Decisions



Problems of Aggregation



Scenario 1: Stationary climate 

conditions

Status Quo Regional Cooperation

(Optimization model)

Period Range

(Aggregate of 5 years)

Providers in

Deficit

Total Deficit Providers in

Deficit

Total Deficit Relative Water

Savings

2006-10 2 79,944 0 0 100%

2011-15 4 107,733 0 0 100%

2016-20 4 116,046 0 0 100%

2021-25 5 138,693 0 0 100%

2026-30 7 165,685 0 0 100%

Scenario 2: Moderate 

reductions in current flows 

Status Quo Regional Cooperation

(Optimization model)

Period Range

(Aggregate of 5 years)

Providers in

Deficit

Total Deficit Providers in

Deficit

Total Deficit Relative Water

Savings

2006-10 3 91,926 0 0 100%

2011-15 4 129,854 0 0 100%

2016-20 4 303,257 0 0 100%

2021-25 6 170,274 0 0 100%

2026-30 7 231,815 0 0 100%

Scenario 3:  Severe 

reductions in current flows

Status Quo Regional Cooperation

(Optimization model)

Period Range

(Aggregate of 5 years)

Providers in

Deficit

Total Deficit Providers in

Deficit

Total Deficit Relative Water

Savings

2006-10 3 226,240 2 157,198 30.52%

2011-15 6 424,859 2 382,320 10.01%

2016-20 6 427,438 2 394,932 7.60%

2021-25 7 447,827 2 415,464 7.23%

2026-30 8 493,701 2 439,938 10.89%



Can we manipulate growth and 

consumption to reduce risk?
 Steer growth in favor of surplus districts

 Who are the winners and losers? 

 What is the redistributed pattern of growth? 

 How many people need to be redistributed?

Reduce consumption to retain growth pattern

 Where? How severe?

Trigger outmigration at low GPCD (<120 GPCD)

 How much growth is redistributed under varying 

climate change conditions?

 How soon do districts transition from growth to no-

growth futures?



D. D. White, E. A. Corley, and M. S. White (2008) Water managers’ 

perceptions of the science-policy interface in Phoenix, Arizona. Society 

and Natural Resources 21:230-245.

Uncertainty was described as‘ ‘the nature of the beast,’’ ‘‘always present,’’ and ‘‘the 
whole reason we exist.’’



Larson et al. 2009. Divergent perspectives on water 

resource sustainability in a public-policy-science context. 

Environmental Science & Policy 12(7):1012-1023.

Findings point to the challenges of 

meshing different knowledge 

systems for collaborative research 

and policy making.



Stakeholder Engagement—

mind mapping



Stakeholder Priorities for SRB

Major Concerns Priority

Water Quality 3.41

Water Governance 3.62

Water Quantity 3.96

Land-use Management 4.07

Competing Demands 4.62

Drought 4.72

Long-term climate change 5.24

Flooding 6.26



Crona, B.I. and Parker, J.N. 2011. Network determinants of knowledge 

utilization: Preliminary lessons from a boundary organization. Science 

Communication published online on 11 October 2011: DOI: 

10.1177/1075547011408116.

Policy makers with more direct contacts with researchers are more likely to 

utilize research. Policy makers interacting more with other policy makers 

regarding research are also more likely to utilize it. This indicates the 

importance of policy makers’ in social networks and the importance of external 

reputation of boundary organizations for successful knowledge transfer.



Questions? 


