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Planning for Climate Change

= Discard assumption of climate
stationarity.

" Integrated water resource management-
climate, scenarios, policy, stakeholders.

= Collaborative process — explicit attention
to uncertainty & risk management
options




Need “Actionable Information”

David Behar, Water Ultility Climate Alliance, “We need
actionable

information to make changes or additions to capital
investments..”, San Francisco Public Utilities

Marc Wagee, Manager of Water Supply, Denver Water,
“Surprisingly, we haven’t dealt well with uncertainty.. Climate
change is a wake-up to this fact”



MWRA and the “Boston Harbor Cleanup”,




There are Few Adaptation Examples:
Climate Change Considerations in Design of Sewerage
Treatment Plant

........
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Top Down Vs. Bottom Up

Emission and Climate
Scenarios

Global Climate Models

Regionalization

Impacts

Climate Adaptation
Policy

physical/soci

)

climate variability
and change

Adaptive Capacity

Reliability EquityT Institutions

_ Technology
Economics  |nfrastructure




Bottom-up in the Context of
Uncertainty

Uncertainty:
— Specific impacts: type, timing, scale, continuity
— Cost, effectiveness, lead time of actions
Complexity:
— Spatial, temporal, feedback loops, local to global scale, breadth

and depth of impacts to people, places, and things, institutional,
social, political

Risk:
— Disastrous environmental impacts
— Disastrous socioeconomic impacts
Tradeoffs:
— Short-run vs. long-run costs/damages
— Rural vs. urban; poor vs. rich
— Act now vs. later




Bottom-Up Approach: Decision
Analytic Approach to Climate Change

Problem Deterministic
Structuring Formulation

* Problem * Decision Model

Structuring * Sensitivity Analysis
* Goals




Municipal Water Planning

= Research-Industry Partnership

" Process to explicitly consider CC into
decision making

=  Work with partnering utilities

e Inland Empire of Southern California
e El Dorado Irrigation District, CA

e Colorado Springs, CO
e Boston, MA

e Durham, NC

e Palm Beach County, FL
e Portland, OR




Partnership Design and Decision Problem

Structuring

TOOIS ® Problem

Structuring
* Goals

Industry Research —
AwwaRF

Project Team

Utility
Partners

Structured Process &
Decision Tools NCAR,
consultants

Climate Research — NCAR;
Universities; Federal Agencies



Problem
Structuring

PROBLEM STRUCTURING- Srucung
GOALS AND OBJECTIVES

Inland Empire Utility Agency

Focus on enhancing local supplies or rely on imports?

Colorado Springs Utilities

Integrated Resource Plan... how to link to current safe yield analysis?

MWRA

Safe Yield Analysis- What level of demand meets Quabbin storage targets
under climate change

Palm Beach County

IRP in the face of major changes (Lake Okeechobee, future demand, environ
interests, sea level rise, climate change, etc.)



Problem
Structuring

PROBLEM STRUCTURING- Srucung
GOALS AND OBJECTIVES

As Problem is Articulated, begin to define
scope of Study: Colorado Springs Utilities, An

Example

*Enlarge spatial extent,
*Consider points of interest to define boundaries (Cameo)

Temporal resolution adequate to reflect operational
decisions (Weekly)



Problem

Structuring

Colorado Springs

Structuring

* Goals
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Basin and Infrastructure- [&ik

Structuring

Upper Colorado Watershed « Problem

Structuring
® Goals
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Problem
Structuring

Kissimmee « Problem
Headwaters- Structuring
Rapid Urbanization * Goals

Shallow Freshwater Lake- Reoperated
for Flood Control

Largest Sugarcane region in Florida-
some interest in ‘buying out’

Preservation of Wetland Habitat

Urbanizing Corridor

Inland Estuary- Freshwater flux to tide




Bottom-Up Approach: Decision
Analytic Approach to Climate Change

Problem Deterministic ‘Uncertainty Evaluation of
Structuring Formulation _..-ﬂna;lgs__ijs.. Alternatives

* Problem * Decision Model ~* Probabilistic * Robustness
Structuring * Sensitivity Representation * MCDA

* Goals Analysis 'Fl.ltl.lTE o EV
* Triple Bottom




Deterministic
Formulation

Deterministic Formulation el e

e This Approach is Model-based: “All are wrong,
Some are Useful”

e Surprisingly, many water utility models are not
“climate-enabled”

 Develop approach that can address the questions at
hand: “Keep it simple as possible, and no simpler”
(Einstein)

* Begin Climate Change Exploration



Need for An Integrating Determinstic

Formulation

Model Framework et s

* Sensitivity Analysis

Pre-development

Temp, rh, wind ‘ Precipitation

Y Y Y E 1\: Y \

/&__,_—ﬁﬂunnff

Furnof

f‘ Natural Watershed
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Developed Watershed

Post-Development
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Water imports deciduous

Planning Model

rangeland



Climate Change Scenarios: A

VLo RS e

menu of Choices

. Simple Sensitivity Experiments, Guided by

Results from Global Climate Models ($)
Statistical Downscaling (SS)

Hybrid Methods (Analogs, K-nn, etc.) (SS)
Regional Climate Simulations (SSS)

Dynamical Modeling with Statistical Downscaling

($SSS)

b\



Bottom-Up Approach: Decision
Analytic Approach to Climate Change

Problem Deterministic Uncertamt‘f h Evaluation of

Structuring Formulation Analysis Alternatives

* Problem » Decision Model « Probabilistic * Robustness
Structuring » Sensitivity Analysis 'Representation « MCDA

* Goals  Future Projections eEV

* Triple Bottom




UNCERTAINTY

ANALYSIS

1) Need to evaluate decision performance
under alternative future climates

2) Climate isn’t the on

3) Decisions have mu

y uncertain variable

tiple effects — how

should they be weighted?



Goal or Question:
Is there a “Robust” Capital Improvement Plan?

20-Year CIP Projects:
e ASR wells

e Surface Storage

e Water and WWTP
Expansions

L8 Res (8) |
/ o *a]
©51 Reseryoir (8)

\

e New RO Treatment Facility ... it

e Wellfield Expansions

e New Deep Injection Wells




WEAP Supply-Demand Model “—»“

Rigorous Representation
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WEAP Model- Model of Supplies

Kissimmee Inflows
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iterations

Population: An Uncertain Future in South Florida?

Mean Joe
Green

2,500,000 /& Managers
Dream

Palm Beach County Population

2,000,000
+— BAU

Burrowing

1,500,000 -

1,000,000 -

County Population

Too Little Too Late

Owls
500,000

I:l T T T T T T T
1900 1920 1940 1960 1980 2000 2020 2040 2060

PBCWUD Total Demand in 2008 - ~80 MGD

Regional Demand in 2008 - ~ 225 MGD
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Climate Scenarios- Spatial-Statistical Downscale

) Statistically Downscaled Wi CMIP3 Climate Projections - Mozilla Firefox
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Microsoft Excel,
MCDA Dashboard-
Explore Uncertainties

Run Weap

Struckural alkernatives
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MCDA

Stakeholder Weights Assigned to Each Criteria

iterations

MCDA Matrix Criteria

C1 Cc2 Cc3 Cc4 Ch Ch Cci Cca Ca

Alternative

Active : B a ‘s n
1lcip 303.2 = -
2|CIP + Conservation m{"
3|Mod CIP + C51 Res Yoz M
4|No Action Yes 0.0 .02 0.0 2.4 " :
% R |

Each Criteria is Evaluated for Each Alternative




Thousand Acre-foot

HOW? Then Use Model to Evaluate Alternatives

Focusing in on an Alternative: Modified CIP + C51
WEAP Mathematical “Expression Builder” is used to mimic the
operations of C-51, e.g. Fill during high flows, release during low flows
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D2S? Helping Water Manager Plan for the Future NCAL

Example Results — C-51 Reservoir
Monthly Mean Discharge, 2023-2030 (Historic climate ‘repeats’)

Streamflovy (below node or reach lizted)

WWPE_CS1 Canal Modes and Reaches: Below Withdrawal Mode 10, Monthly Average, River: WPB_C51 Canal

CIP

Storage in wet period,
Decrease in discharge

— Caonservation
Maodified CIP + C51
— Reference

Release in dry period,
Increase in|Discharge

July August Septernber

Cictober Mowernber December January February March Bpril
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