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Agenda
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Colorado River Policy Methods Preliminary Results



2007 Interim Guidelines Proposed Federal Actions

• The interim guidelines would be used by the 
Secretary to:

Determine explicit guidelines for shortage 
operation in Lake Mead (Shortage Guidelines).
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2007 Interim Guidelines Proposed Federal Actions
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Research Question
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How can we inform the policy making 
process through searching a wide 
range of operating policies and quantify 
multiple basin resource performance 
metrics in an integrated framework?



Multi-Objective Evolutionary Algorithm (MOEA)

• Multi-objective: Solves multiple 
objectives simultaneously

• Evolutionary: Uses a process 
similar to natural selection to 
‘evolve’ new solutions (see fig.)

• Borg-MOEA: Tested on many 
problems in civil engineering 

• Borg-RW: RiverWare is 
embedded within the Borg search 
loop via a “wrapper”
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Three-objective Test Problem

[Kasprzyk et al. 2016]



Coupling Colorado River Simulation System (CRSS) 
with Borg-MOEA
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Colorado River Simulation System 

Key Modeling Assumptions
• Simulation horizon is from 2017 to 2060. 
• Initial conditions based on historical December, 

2016 reservoir conditions 
• Input hydrology is developed by resampling the 

observed natural flow record (1906-2012) 
• Upper Basin demands are per the 2007 UCRC 

schedule
• Lower Basin demands are per the Interim 

Guidelines Final EIS 
• Lake Mead Operation: is fixed throughout the 

simulation 



New Operations: Policy Variables

Surplus Distance Variables: (d1-2) 
• Sets Domestic and Partial Domestic surplus 

operation tiers for Lake Mead

Shortage Elevation Variables: (e1-6) 
• Modifies the size and number of shortage 

operation tiers for Lake Mead;
• Set up to 6 discrete shortage tiers

Shortage Volume Variables: (V1-6) 
• Shortage reductions to US Lower Basin 

States and United Mexican States normal 
allocation;

• Volume ranges from 0 KAF to 2400 KAF



Policy Variables to Mead Operation

DMI IR

DMI = Data Management Interface
IR  = Initialization Rule
R = Rules

R



Evaluating Operations: Objectives
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Evaluating Operations: Objectives

MOEA
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Range of 
performance 

for given 
Objectives

Each line 
represents a 

different 
Mead 

Operating 
Policy which 
consists of 
different 

combinations 
of Policy 
Variables

Each column represents the 8 basin-wide objectives
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Results



Results: 2007 Interim Guidelines

WSA

PA

RSA

Water Supply Alternative (WSA) - policy that 
maximizes water deliveries at the expense of 
retaining water in storage in Mead and Powell

Preferred Alternative (PA) – recommended 
operating policy of Lake Mead and has less 
shortage reductions than RSA 

Reservoir Storage Alternative (RSA) - policy 
that keeps more water in storage through 
increasing shortages volumes



Results: 2007 Interim Guidelines
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Results: Interactive Visual Analytics
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Conclusions

 Pairing a MOEA with CRSS is an effective tool to generate and evaluate 
operating policies.

 The MOEA-generated solutions explored a wider range of the solution 
space than the previously negotiated policies. 

 Future work will evaluate the robustness of the MOEA-generated 
solutions through incorporating deep uncertainty with respect to a 
changing climate.



Thank you!
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