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Symbiosis 



The Stakes on Climate Change:  
Water and Clean Water Sector Only 

   Drinking Water 
Infrastructure Investment  

$335 Billion 1  

2011-2031: Without Adaptation 

Drinking Water + Clean Water Sector: 
 

$448 - 944 Billion 3 

By 2050: Potential Adaptation Costs 

1 “2009 Drinking Water Infrastructure Needs Survey and Assessment: Third Report to Congress.” USEPA  
Office of Water, 2005.  
 
2 “Clean Watersheds Needs Survey 2008: Report to Congress.” USEPA, May 2010.  
 
3  “Confronting Climate Change: An Early Analysis of Water and Wastewater Adaptation Costs,” Association of 
Metropolitan Water Agencies, National Association of Clean Water Agencies, 2009. 
 

Clean Water  
Infrastructure Investment 

$298 Billion 2  
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43 million drinking water customers 

The Water Utility Climate Alliances provides leadership in assessing and adapting to the potential effects of 
climate change through collaborative action.  We seek to enhance the usefulness of climate science for the 
adaptation community and improve water management decision-making in the face of climate uncertainty. 

Mission Statement 



2012 WUCA Work Plan: Item 3 

WUCA 2012 Work Plan 

Workplan Item Details Staff Time (Hours) Cost ($) Timeframe 
1 Develop and implement two partnership plans: one for 

water sector associations and one for non water sector 
entities. 

Create partnership plan(s) to address roadblocks and areas of mutual advantage.  Establish a contact list of 
individuals and orgs we may want to partner with from water sector and non-water sector associations.   
Appoint WUCA liaison(s) to different associations.  Identify current activities and initiatives by each, known 
strengths and weaknesses, and identify opportunities for collaboration by building on partnerships with 
user organizations that are mutually beneficial and non-duplicative. Develop a coordination strategy for 
working with key municipal water provider organizations such as AWWA, AMWA, and WRF, and non-water 
sector entities such as RISA’s, federal agencies, and NGOs on climate change issues of mutual importance.  196  $               -    Plans - 1st Quarter 

Implementation - Ongoing 

2 Initiate and advance development of PUMA white paper.   This paper will memorialize the PUMA process, in which five WUCA utilities are developing state-of-the-art 
assessments of the potential effects of climate change on their water systems in association with regional 
experts, including from the RISA program.  The assessment process will be ongoing throughout 2012, while 
the white paper which will summarize the findings from the case studies is targeted for 2013 completion. 183 

 $45,000  
(already 
committed)  

Ongoing through 
2012 

3 Participate actively in first year of the Societal 
Dimensions work group of the Community Earth System 
Model (CESM).   

The CESM, one of three GCM’s in the United States, created this workgroup in 2011 to “foster and sustain 
dialogue” between CESM modelers and communities evaluating climate change impacts on society.  WUCA 
provided guidance during the work group creation process and lobbied for the water resource focus that 
CESM has adopted.  Leverage initial focus of workgroup on water resources to create innovation in 
modeler/decision-maker collaboration and co-production of knowledge.  Work to bring innovation to 
attention of other climate modeling centers in U.S. or globally and federal policymakers.  Seek to create 
actionable science from process.  This effort is just getting off the ground and has the potential to blend the 
needs of the water sector in with the science of climate change modeling. 

299  $               -    Ongoing through 
2012 

4 Write short white papers on critical and timely climate 
change issues. 

These would be quick hit pieces touching upon state of the art thinking on application of science and 
adaptation approaches.  Possible topics could include: 1-2 page pieces on what each WUCA member is 
doing on assessment and adaptation; climate change and the regulatory landscape; best approaches to 
developing and providing regional climate services; climate researcher and utility partnerships that lead to 
“co-production of knowledge”.  The topics would be proposed by WUCA staff. Use this work to influence 
public and expert opinion, improve understanding of assessment and adaptation issues from water utility 
perspective, develop website content, and incorporate into public comments and presentations, and other 
purposes.  Release of a white paper would be accompanied by a webinar presenting the paper’s positions 
and other relevant perspectives.  

178  $1,000  
(for webinars)  3rd Quarter 

5 Develop and implement a media, communications and 
public education plan. 

Enhance outreach and public education on issues of concern to water industry by leveraging WUCA’s 
strong reputation with compelling work product intended to advance the conversation about how to 
appropriately consider adaptation and assessment challenges and best practices.  Build press list of 
reporters covering climate change for use in product rollouts and for other purposes, explore development 
of targeted op-ed strategy in consumer and trade press.  Develop and implement strategy to increase traffic 
to WUCA website and update content more frequently.  Create stock power point slides WUCA members 
can use.  

189  $               -    Ongoing through 
2012 

6 At least quarterly, have a guest speaker on WUCA staff 
calls and also at each WUCA retreat.  

Develop a list of potential guests, topics to address and calendar for participation.  
36  $               -    Ongoing through 

2012 

7 Develop a planning methods and decision making case 
study white paper to deliver practical information to 
water utility managers and planners about methods that 
incorporate climate change uncertainty into water 
planning.  
OPTIONAL: Host an invite-only conference on planning 
methods and decision making for water utility planners. 
Possibly coordinate with AWWA, WRF, and/or Planners 
Association. Host in late 2012 or 2013. 

Three phase project consisting of 1) identifying and interviewing utilities, and potentially other sectors, 
that are using planning methods and decision making methods to respond to climate change; 2) 
developing case studies and writing a report; and 3) printing and dissemination of the final 
report.  Emphasis will be on learning how other utilities and sectors have conducted their planning and 
made decisions about preparing for climate change and initiating a utility-wide dialogue about how to 
adjust planning methods to better prepare for climate change uncertainties. 

363 

 $45,000  
(AMWA would pay half of 
total costs of $90,000; estimate 
does not include costs of 
optional conference)   

Ongoing through 
2012 

8 Discern federal agencies’ adaptation activities. Conduct a landscape assessment to determine what the Obama Administration and federal agencies are 
doing related to climate science and services, assessment best practices, adaptation planning and other 
areas of concern to the water sector.  Provide a roadmap and identify if there are federal initiatives WUCA 
should be tracking.  Collaborate in creating landscape with others who may have researched this, such as 
Western Water Assessment, Pew Center, and others as identified. 

47  $               -    Ongoing through 
2012 

9 Actively engage in the National Climate Assessment 
(NCA) process. 

The NCA appears at this time to be the most important federal initiative on climate change assessment and 
adaptation. There are three preliminary actions for how WUCA should engage with the NCA.  These actions 
are preliminary because the NCA process is still evolving.  There is a WUCA member on the National 
Advisory Committee, and WUCA has been working with AWWA on collaboration with this federal effort, so 
the ability to provide effective links to this process are already in place. WUCA can choose to pursue any 
combination of the following actions:   
1)         Submit the materials identified in the WUCA EOI; 
2)         Participate in an AWWA led process that will generate summaries of climate research needs for and 
climate impacts in the water sector as well as organize one to two meetings on the implications of climate 
change for the water sector; 
3)         Participate in a NCA led effort to discuss how to build a sustained assessment process.  WUCA has 
initially committed to pursue all three actions but we are not obligated to do so.   

1st Action-  19 
2nd Action- 190 
3rd Action- 138 

Total- 347  
 $               -    Ongoing through 

2012 

10 Invite an AMWA representative to participate in WUCA 
meetings to provide legislative updates. 

Determine what is the most effective and efficient way for WUCA to remain current on legislative 
initiatives. This activity will require coordination with colleagues at AMWA and other water sector 
organizations, status updates on regularly scheduled monthly WUCA calls, and intermittent review of 
letters of support for legislative initiatives. 23  $               -    Ongoing through 

2012 

11 Develop guidelines or operating principles regarding 
work plan implementation and coalition leadership. 

Address but not be limited to: establish a structure and annual process for implementing 2012 and future 
work plans, including resource commitments from members; assign project leaders and their 
responsibilities; limit size of committees; rotating chairperson every other year; rotating committee chairs  49  $                   2 d Q t  

5 

3 Participate actively in first 
year of the Societal 
Dimensions Work Group of 
the Community Earth 
System Model (CESM).   

The CESM, one of three GCM’s in the United 
States, created this workgroup in 2011 to “foster 
and sustain dialogue” between CESM modelers 
and communities evaluating climate change 
impacts on society.  WUCA provided guidance 
during the work group creation process and 
lobbied for the water resource focus that CESM 
has adopted.  Leverage initial focus of workgroup 
on water resources to create innovation in 
modeler/decision-maker collaboration and co-
production of knowledge.  Work to bring 
innovation to attention of other climate modeling 
centers in U.S. or globally and federal 
policymakers.  Seek to create actionable science 
from process.  This effort is just getting off the 
ground and has the potential to blend the needs of 
the water sector in with the science of climate 
change modeling. 

299  $                   
Ongoing 
through 
2012 

Workplan Item Details 
Staff Time 
(Hours) Cost ($) Timeframe 



A core objective… 

“Actionable Science” 
 

A Working Definition: 
 

   Data, analysis, and forecasts that are sufficiently 
predictive, accepted and understandable  

to support decision-making,  
including capital investment decision-making.  

 
 



Chain of Models 

T, P, Solar, 
Wind… 

GCM 
Ensemble 

 
 
 

 

Hydro 
Model 

Reservoir 
ops, trans 
& distrib, 
demand 

 “Adaptation” 
Water 
Utility 

Planning 

Downscaling 

Operations 
    Model 

Watershed 
scale, sub-daily 
timestep 

Watershed 
features, 
climate char- 
acteristics 

Slide adapted from Seattle Public Utilities 



Climate Change Assessment Framework 

General circulation models 

Dynamical 
downscaling 

Statistical  
Downscaling 

Bias correction 

200~300km resolution 

 Impact Assessment 

Integrated Hydrologic Model 
Applications  

Ensembles  

Evaluate 
climate information 

MM5 Model 
9 km resolution 

Probability mapping approach 

…
 

BCSD, 
SDBC, 

New BCSA 

8 

NCAR/SCRIPPS  RSM Model 
10 km resolution 



Sensitivity Analysis – Streamflow to 
Temperature and Precipitation Change 

        
2040 2070 2100 

Temperature 
Precipitation 

+ 0.6 deg C 
+ 0% 

+ 1.3 deg C 
+ 0% 

+ 2 deg C 
+ 0% 

Temperature 
Precipitation 

+ 1  deg C 
+ 0% 

+ 2.2 deg C 
+ 0% 

+ 3.4 deg C 
+ 0% 

Temperature 
Precipitation 

+ 1  deg C 
- 5% 

+ 2.2 deg C 
- 10% 

+ 3.4 deg C 
- 15% 

Temperature 
Precipitation 

+ 1 deg C 
+ 2% 

+ 2.2 deg C 
+ 4% 

+ 3.4 deg C 
+ 6% 

Temperature 
Precipitation 

+ 1.65 deg C 
+ 0% 

+ 3.5 deg C 
+ 0% 

+ 5.4 deg C 
+ 0% 

Temperature 
Precipitation 

+ 1.65 deg C 
-5% 

+ 3.5 deg C 
-10% 

+ 5.4 deg C 
-15% 
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Median Runoff into Hetch Hetchy 
(results based on 1975-2008, median year is 2003) 

Climate Change Scenario 
Hetch Hetchy Runoff 
(% change from 2010) 

2040 2070 2100 

1A Low temperature increase 
No precipitation change -1% -2% -3% 

2A Moderate temperature increase 
No precipitation change     -1% -3% -5% 

2B Moderate temperature increase 
Precipitation decrease -8% -16% -25% 

2C Moderate temperature increase 
Precipitation increase -1% +2%  +2% 

3A High temperature increase 
No precipitation change -2% -6% -10% 

3B High temperature increase 
Precipitation decrease -9% -19% -29% 

Change in Median Runoff volume for future climate conditions 
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Extremely Wet, Median and Critically Dry 
Year Runoff 

Climate Change Scenario Year Type 
Hetch Hetchy Runoff 
(% change from 2010) 

2040 2070 2100 

  moderate 
temperature 

increase/ 
no precipitation 

change      

EXTREMELY 
WET -1% -1% -2% 

2A 
 MEDIAN -1% -3% -5% 

CRITICALLY
DRY -3% -9% -15% 

high temperature 
increase/ 

precipitation 
decrease 

EXTREMELY 
WET -7% -14% -22% 

3B MEDIAN -9% -19% -29% 

CRITICALLY
DRY -15% -31% -47% 

Change in runoff volume for two future climate conditions for Extremely Wet, Median, and 
Critically Dry Years (results based on 1975-2008) 



Climate Modeling White Paper 

 
“Options for Improving Climate 
Modeling to Assist Water Utility 
Planning for Climate Change” 
 

Authors:  
Joe Barsugli, Chris Anderson,  
Joel Smith, Jason Vogel 
 

 
 

 
Available at 

www.wucaonline.org 
 
 



Approaches 

1.  Improving understanding of how climate 
 system works and how it is represented in 
 models 

 
2.  Improving archiving of data from models 

 that currently exist to enhance accessibility 
 and downstream experiments 

13 



Objectives for improved science 

1. Improve model agreement on change in key 
parameters. 
 

2. Narrow range of model output 
 

3. Match model resolution with scales of water 
utility hydrologic and systems models (and other 
users’ tools) 
 

4. Improved projections within planning horizons of 
decisionmakers, i.e. several decades 

14 



Options for Improving Modeling - 1  

• GCM Options 
1. Development and enhancement of global 
 climate model ensembles 

2. Improved use of observations to constrain 
 climate model projections 

3. Improved modeling of the Tropical Pacific 

4. Improved decadal prediction 

15 



Options for Improving Modeling - 2 

• Downscaling Options 
 

1. Development of regional ensembles 

2. Development of regional climate model 
 components 

3. Development of statistical downscaling 
 techniques for probabilistic downscaling, 
 extremes, and daily data 
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Projections Inventory – Work in Progress  
Compiled by Rupp, OCCRI and Behar, SFPUC 

Emissions/ Concentration 
Scenario Spatial Domain Temporal Domain 

Spatial 
Resolution* 

Finest Temporal 
Resolution Available* GCM RCM 

              
Contact: Chris Castro, U of Arizona (Dominguez et al, 2011, PNAS) 
SRES A2 US and N. Mexico 1967-2081 35 km 6 hr HADCM3 WRF 
SRES A2 US and Mexico 1950-2100 35 km 6 hr ECHAM5 WRF 
SRES A2 US and Mexico 1950-2100 35 km 6 hr CESM (CMIP5) WRF 
              
Contact: L. Ruby Leung, PNNL 

RCP4.5 North America 1975 - 2005, 2005 - 2100 20 km hourly CCSM4 WRF-CLM 
              
Contact: Xin-Zhong Liang, Univ Maryland 
SRES A2 US+PartialMex/Can 2090-2099 30 km 3 hr HadCM3P CMM5 
SRES B2 US+PartialMex/Can 2090-2099 30 km 3 hr HadCM3P CMM5 
SRES B1 US+PartialMex/Can 2045-2055, 2090-2099 30 km 3 hr PCM CMM5 
SRES A1Fi US+PartialMex/Can 2090-2099 30km 3 hr PCM CMM5 
SRES A1b US+PartialMex/Can 2045-2055, 2090-2099 30 km 3 hr CCSM CMM5 
SRES B1 US+PartialMex/Can 2045-2055, 2090-2099 30 km 3 hr CCSM CMM5 
SRES A1Fi US+PartialMex/Can 2045-2055, 2090-2099 30 km 3 hr CCSM CMM5 
              
Contact: Steve Hostetler, USGS 
SRES A2 US & S. CANADA 2010-2099 50 km Monthly stats MPI ECHAM5 RegCM3 
SRES A2 US & S. CANADA 2038-2069 50 km Monthly stats GFDL CM2.0 RegCM3 
SRES A2 US & S. CANADA 2010-2099 50 km Monthly stats PSU/SGS GENMOM RegCM3 
SRES A2 W. US (with Canada) 2010-2099 15 km Monthly stats MPI ECHAM5 RegCM3 
SRES A2 W. US (with Canada) 2038-2069 15 km Monthly stats GFDL CM2.0 RegCM3 
SRES A2 W. US (with Canada) 2010-2099 15 km Monthly stats PSU/USGS GENMOM RegCM3 
SRES A2 E. US (with Canada) 2020-2099 15 km Monthly stats MPI ECHAM5 RegCM3 
SRES A2 E. US (with Canada) 2038-2069 15 km Monthly stats GFDL CM2.0 RegCM3 
SRES A2 E. US (with Canada) 2020-2080 15 km Monthly stats PSU/USGS GENMOM RegCM3 
Total             
              
Contact: John Mejia, Desert Research Institute, Nevada 
SRES A2 Western N. America 1980-2000, 2041-2070 36 and 12 km 3 hr CCSM WRF 
SRES A2 Western N. America 1980-2000 36 and 12 km 3 hr CCSM-SST biases WRF 
              
Contact: Norm Miller, Lawrence Berkeley Laboratory 

SRES or RCP x Western US and CA/NV 1985-1994, 2060-2069 
32 km (10 km 
CA/NV) ? CCSM3 WRF-CLM 

SRES or RCP y Western US and CA/NV 1985-1994, 2060-2070 
32 km (10 km 
CA/NV) ? CCSM3 WRF-CLM 
32 km (10 km 

17 



Priorities 

• T, P, Wind, Solar: What we care about most 
• Subdaily saved data: Can we make it available? 
• Higher resolution GCM runs: Next best thing? 
• Focus on central latitude precipitation: Continued 

improvement to Tropical Pacific, etc. 
• Improved characterization of uncertainty 
• “Community” archived datasets: Accessible multi-model 

ensembles 
• Dynamical, other downscaling experiments that respond to 

our scale needs 
• CORDEX-inspired experiments 

Provided to National Academies Committee on the 
Future of Climate Modeling in the United States  



Piloting Utility Modeling Applications (PUMA):  
An “Assessment Expedition”  

Five Utilities        Four Climate Science Consortiums 
San Francisco PUC           NCAR/Climate Central/CNAP (CA-NV RISA) 
Portland Water Bureau            Climate Decision Support Consortium 
Seattle Public Utilities                 (Northwest RISA) 
Tampa Bay Water           Southeast Climate Consortium             
New York City DEP                  CUNY/University of Kansas/Columbia Univ. 
 

Modeling Advisory Committee (MAC) 
Phil Duffy (Climate Central); Ed Maurer (Santa Clara); Tom Johnson  
(EPA); Levi Brekke (BoR); Linda Mearns (NCAR); John Abatzaglou 
(U. Idaho); Mike Dettinger (Scripps); Claudia Tebaldi (Climate 
Central); Joe Barsugli (Western Water Assessment) 
 
Project Mgr, WUCA: David Behar    Project Mgr, RISAs: Phil Mote 



Summary 

• A Key Challenge 
• Creating Symbiosis 

 Collaboration, Co-production of knowledge 

• A Core Strength 
• Commitment from all sides 

• Some Concrete Tasks 
• Data archiving 
• Enhancement of GCM Ensembles 
• Development of Regional Ensembles 
• Doing Both at the Same Time?! 
• Actionable Science: Creating Value for Assessment 

 



 
CESM 

 

Land 
Ice 

Climate 
Variability 

Software 
Engineering 

Atmosphere 

Chemistry- 
Climate 

Polar 
Paleo- 

Climate 

Whole 
Atmosphere Land 

BioGeo- 
Chemistry 

Ocean Climate 
Change 

http://www.cesm.ucar.edu/management 

CESM Advisory 
Board 

CESM Scientific 
Steering Committee 

CESM is primarily sponsored by  
 the National Science Foundation 
 and the Department of Energy 

Community Involvement:  
CESM Management 

 
Societal 

Dimensions 
 



        Thank you 

David Behar, Climate Program Director 
San Francisco Public Utilities Commission 
Chair Emeritus, Water Utility Climate Alliance 

1145 Market Street, 4th Floor 
San Francisco, CA  94103 

dbehar@sfwater.org    415-554-3221 
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Southwestern United States: Salt River 
 

Dominguez, Rajagopal, Castro, Troch, Demaria, Gupta, Durcik, Chang, University of Arizona.  
Slide courtesy Gregg Garfin, Institute of the Environment, University of Arizona 

Boundary conditions from HadleyCM3.   
Statistically DS data from Maurer et al; dynamically DS data generated using nested WRF  



SFPUC Sensitivity Analysis: Temperature 
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SFPUC Sensitivity Analysis: Precipitation 
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Median Runoff into Hetch Hetchy 
(results based on 1975-2008, median year is 2003) 

Climate Change Scenario 
Hetch Hetchy Runoff 
(% change from 2010) 

2040 2070 2100 

1A Low temperature increase 
No precipitation change -1% -2% -3% 

2A Moderate temperature increase 
No precipitation change     -1% -3% -5% 

2B Moderate temperature increase 
Precipitation decrease -8% -16% -25% 

2C Moderate temperature increase 
Precipitation increase -1% +2%  +2% 

3A High temperature increase 
No precipitation change -2% -6% -10% 

3B High temperature increase 
Precipitation decrease -9% -19% -29% 

Change in Median Runoff volume for future climate conditions 
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Extremely Wet, Median and Critically Dry 
Year Runoff 

Climate Change Scenario Year Type 
Hetch Hetchy Runoff 
(% change from 2010) 

2040 2070 2100 

  moderate 
temperature 

increase/ 
no precipitation 

change      

EXTREMELY 
WET -1% -1% -2% 

2A 
 MEDIAN -1% -3% -5% 

CRITICALLY
DRY -3% -9% -15% 

high temperature 
increase/ 

precipitation 
decrease 

EXTREMELY 
WET -7% -14% -22% 

3B MEDIAN -9% -19% -29% 

CRITICALLY
DRY -15% -31% -47% 

Change in runoff volume for two future climate conditions for Extremely Wet, Median, and 
Critically Dry Years (results based on 1975-2008) 



Monthly Runoff into Hetch Hetchy: 
Two Climate Scenarios for Yr 2100 
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Building on this Study: Next Steps 

Next Steps in Climate Change Evaluation: 
 

• Operations/Planning Model runs 
 The impact on water supply, levels of service, drought 

preparedness, operations, etc. 
 

• Climate Change “Assessment”  
 The likelihood of one climate scenario over another 
 Parameters in addition to T and P 
 Seasonal or diurnal differences in the effects of climate 

change 
 Climate extremes (drought, storm intensity) 
 Characterization of uncertainty 

30 



Regional Integrated Sciences and 
Assessments (RISA) Program 

31 

“supports 
research that 
addresses 
complex 
climate 
sensitive issues 
of concern to 
decision-
makers and 
policy planners 
at a regional 
level.” 



Uncertainty: Natural variability/ 
Emissions scenario/Model uncertainty 

From Hawkins & Sutton 2009 
(BAMS) and 2010 (Climate 
Dynamics) 

Emissions uncertainty 
Internal variability 
Model uncertainty 



Projected Changes for  
Denver’s Watershed 
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0 

Slide courtesy  Denver Water 



Decision Support Planning Methods 

• Classic decision analysis 
• Traditional scenario planning 
• Robust decision making 
• Real options 
• Portfolio planning  

“Decision Support Planning Methods: 
Incorporating Climate Change Uncertainties into 
Water Planning,” Means, Laurier, Kaatz, Waage, 
January 2010,  



The Stakes on Climate Change:  
Water and Clean Water Sector Only 

   Drinking Water 
Infrastructure Investment  

$335 Billion 1  

2011-2031: Without Adaptation 

Drinking Water + Clean Water Sector: 

$448 - 944 Billion 3 

2010-2050: With Adaptation 

Needed from Ratepayers through 2050: 

$1.7 - 2.2 Trillion 
1 “2009 Drinking Water Infrastructure Needs Survey and Assessment: Third Report to Congress.” USEPA Office of Water, 
2005. 2 “Clean Watersheds Needs Survey 2008: Report to Congress.” USEPA, May 2010. 3  “Confronting Climate Change: 
An Early Analysis of Water and Wastewater Adaptation Costs,” Association of Metropolitan Water Agencies, National 
Association of Clean Water Agencies, 2009. 
 

Clean Water  
Infrastructure Investment 

$298 Billion 2  



A Climate Services Scenario 

36 Note: fake data – for illustration purposes only 
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