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DWR has been building capacity to evaluate 
k d f t iresponse packages under future scenarios

2005 CWP2005 CWP
o Shift to scenario-based planning 
o Developed water demand scenarios by hydrologic region

2009 CWP
o Incorporated climate information into demand scenarios
o Developed PA-scale WEAP model for SR and SJ hydrologicalo Developed PA-scale WEAP model for SR and SJ hydrological 

regions
o Calibrated PA model to historical conditions

2013 CWP2013 CWP
o Expanding PA-scale WEAP model to TL HR (in conjunction with 

CVP IRP))
o To evaluate response packages under uncertainty
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Water Plan analysis to address long-
t l i t i titerm planning uncertainties

Future uncertainties are “deep”p
o Inability to agree on probabilities for future 

factors
o Difficulty defining a single value function to 

use to rank options
Optimal solutions contentious 
o Rely on non-credible point or probabilistic y p p

forecasts
o Contingent upon a single or aggregate world-g p g gg g

view 
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Robust decision methods offer approach to 
id tif b t t t t iidentify robust management strategies

Robust strategies perform adequately across:Robust strategies perform adequately across:
o Different characterizations of the future (e.g. scenarios)
o Divergent values

Methods do not require a priori assignment of 
likelihoods of future conditions

f fReflect broad range of values
Support substantial stakeholder and decision 

k ti i timaker participation



Robust Decision Making (RDM) is a structured 
h f d fi i b t t t iapproach for defining robust strategies

Define AlternativesDefine Alternatives, 
Metrics, and 
Uncertainties

Evaluate Strategies
Over Many Scenarios

Develop 
Hedges

Describe Vulnerabilities 

Summarize Key Tradeoffs 
Among Strategies

6“Robust Strategies” and
Key Tradeoffs



RDM structures analyses around key 
uncertainties options metrics and modelsuncertainties, options, metrics, and models

Uncertain Factors (X) and Scenarios Management Strategies (L) and
R P kResponse Packages

Uncertain factors outside of the control 
of water managers — Basis for

Water management options —
“Response Packages”of water managers Basis for 

“Scenarios”
Response Packages

Model (R) Performance Metrics (M)

Model(s) that estimate outcomes (M) for 
strategies (L) under specific scenarios 
(X)

Water-related outcomes of interest —
“Evaluation Criteria”

(X)
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RDM being applied to long-term water 
l i C lif i d th tplanning across California and the west

Metropolitan Water p
District’s IRP
El Dorado Irrigation 
District’s UWMP (w/ 
CEC funding)
Denver Water’s IRPDenver Water s IRP
Featured in January 
2009 Water Utility y
Climate Alliance 
(WUCA) Report



RDM well documented in the literature
Robust Decision Making Concepts and Methods
o Lempert, R. J., Popper, S. W., and Bankes, S. C. (2003). Shaping the 

Next One Hundred Years: New methods for quantitative, long-termNext One Hundred Years: New methods for quantitative, long term 
policy analysis, RAND, Santa Monica, CA.

o Lempert, R. J., Groves, D. G., Popper, S. W., and Bankes, S. C. (2006). 
"A General, Analytic Method for Generating Robust Strategies and 
Narrative Scenarios." Management Science, 52(4), 514-528.

o Lempert, R., and Collins, M. (2007). "Managing the Risk of Uncertain 
Threshold Responses: Comparison of Robust, Optimum, and 
Precautionary Approaches " Risk Analysis 27(4)Precautionary Approaches. Risk Analysis, 27(4).

o Groves, D. G., and Lempert, R. J. (2007). "A New Analytic Method for 
Finding Policy-Relevant Scenarios." Global Environmental Change 17, 
73-85.

o Bryant, B. P., and Lempert, R. J. (2010). "Thinking inside the box: A 
participatory, computer-assisted approach to scenario discovery." 
Technological Forecasting and Social Change, 77(1), 34-49.
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RDM well documented in the literature
Applications of RDM to Water Management

o Groves, D. G., Matyac, S., and Hawkins, T. (2005). "Quantified Scenarios of 
2030 California Water Demand." California Water Plan Update 2005, California 
Department of Water Resources, Sacramento, CA.

o Groves, D. G., Knopman, D., Lempert, R., Berry, S., and Wainfan, L. (2008a). 
Presenting Uncertainty About Climate Change to Water Resource Managers -
Summary of Workshops with the Inland Empire Utilities Agency. RAND, Santa y p p g y
Monica, CA.

o Groves, D. G., Lempert, R., Knopman, D., and Berry, S. (2008b). Preparing for 
an Uncertain Future Climate in the Inland Empire – Identifying Robust Water 
Management Strategies. RAND Corporation, Santa Monica, CA.Management Strategies. RAND Corporation, Santa Monica, CA.

o Groves, D. G., Davis, M., Wilkinson, R., and Lempert, R. (2008c). "Planning for 
Climate Change in the Inland Empire: Southern California." Water Resources 
IMPACT, July.
Groves D G Yates D and Tebaldi C (2008d) Developing and Applyingo Groves, D. G., Yates, D., and Tebaldi, C. (2008d). Developing and Applying 
Uncertain Global Climate Change Projections for Regional Water Management 
Planning. Water Resources Research, 44(W12413).

o Lempert, R. J., and Groves, D. G. (2010). "Identifying and Evaluating Robust 
C C fAdaptive Policy Responses to Climate Change for Water Management Agencies 

in the American West." Technological Forecasting and Social Change, 77.
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DWR proposes to support Proof-of-Concept 
li ti f RDM i WEAP PA d lapplication of RDM using WEAP PA models

Purpose of POC
o demonstrate the application of RDM and educate stakeholders
o identify critical methodological issues to be resolved 
o help prioritize WEAP modeling enhancements p p g
o define application of RDM to the CWP Update 2013

Illustrative questions to address
Wh t i th f f t t t do What is the range of future management outcomes under no 
new management?

o Which response packages lead to acceptable outcomes?
o In which conditions do promising response packages perform 

poorly?
o How could adaptivity improve the robustness of response 

packages?
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POC analysis to build on
CWP 2009 iCWP 2009 scenarios

Demographic and Land Use Factors



POC analysis to build on
CWP 2009 iCWP 2009 scenarios

6 AOCGMsDownscaled AOGCM climate sequences

o CNRM-CM3
o GFDL-CM21
o Micro32medo Micro32med
o MPI-ECHAM5
o NCAR-CCSM3
o NCAR-PCM1

Two emissions 
scenariosscenarios 
o A2
o B1



POC analysis to build on
CWP 2009 iCWP 2009 scenarios

Other factorsOther factors
o Costs and/or limits to groundwater pumping
o Costs of resource management strategies



Scope of POC Analysisp y
Uncertain Factors (X) and Scenarios Management Strategies (L) and

Response Packages

Population                           Land use /
Household factors               demographic
Employment factors scenarios (3)

Water management options —
“Response Packages”

Temperature / 
Climatic conditions             precipitation

scenarios (12)
Groundwater limits/costsGroundwater limits/costs
Costs of management strategies
Model (R) Performance Metrics (M)

WEAP PA model for Central Valley Water-related outcomes of interest —
“Evaluation Criteria”
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Analysis will evaluate several water 
management strategiesmanagement strategies
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Water management strategies will be 
l t d R P kevaluated as Response Packages

“Static” Response
Packages
Level of 
implementation 

“Dynamic” Response Packages

p
for each 
strategy
Year of 
implementation 
–or- time 
schedule for 
various levels of 
implementation
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Scope of POC Analysisp y
Uncertain Factors (X) and Scenarios Management Strategies (L) and

Response Packages

Population                           Land use /
Household factors               demographic
Employment factors scenarios (3)

Agricultural water use efficiency
Urban water use efficiency
System reoperation

Temperature / 
Climatic conditions             precipitation

scenarios (12)
Groundwater limits/costs

y
Conjunctive management &

groundwater storage
Recycled municipal water

Groundwater limits/costs
Costs of management strategies
Model (R) Performance Metrics (M)

WEAP PA model for Central Valley Water-related outcomes of interest —
“Evaluation Criteria”
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Analysis will evaluate key trade-offs 
among different performance metricsamong different performance metrics

Performance 
Metric Category 

Performance Metric 

D d ‐Monthly and annual demand by node (irrigatedDemand  Monthly and annual demand by node (irrigated 
agriculture, indoor urban, outdoor urban)

Supply  ‐ Surface supply delivered
‐ Groundwater supply delivered

R li bilit ‐ Unmet demand by nodeReliability  Unmet demand by node
‐ % of years with unmet demands

Environmental 
Objectives

‐ Anadromous Fish Restoration Programs flows (4)
‐ Delta inflow 
‐ Delta outflowObjectives  Delta outflow
‐ X2 position 
‐Water quality (temperature) 

System Operations

‐ Flows into major reservoirs 
‐ Storage volume for major dams (5)System Operations Storage volume for major dams (5) 
‐ Delta exports  
‐ Groundwater levels

Financial 
‐ Capital costs
‐ Fixed costs
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‐ Variable costs
Hydropower  ‐ Annual hydropower generation

Economic impacts ‐ Economic impacts of shortages



Analysis plan designed to provide quick results 
t i f i i 2013 W t Pl kto inform remaining 2013 Water Plan work

1 Finalize scope of POC (August 2010)1. Finalize scope of POC (August 2010)

2. Implement uncertainties & response 
packages in WEAP model (S t b 2010)packages in WEAP model (September 2010)

3. Evaluate static response packages 
i t iagainst scenarios (October 2010)

4. Vulnerability analysis (November 2010)

5. Trade-off analysis (December 2010)

6 Results workshop (January 2011)6. Results workshop (January 2011)
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Questions and DiscussionQuestions and Discussion
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