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Presenter
Presentation Notes
Thank you for joining us today. My name is Steve Fries and I want to welcome everyone to this webinar from the Climate Ready Water Utilities, or CRWU initiative. Today we’re going to give an overview of the basics of climate science and the potential impacts of climate change on water resources and utilities.



CRWU Webinar Series 

Topic Next Event 
Introduction to CRWU Initiative TBD 
Climate Change and the Water Sector TBD 
Introduction to CREAT February 27, 2013 
Extreme Events Workshop Planner March 6, 2013 
Adaptation Strategies Guide March 13, 2013 
Workshop Planner/ Adaptation 
Strategies Guide April 10, 2013 

Using CREAT for Planning and Decision 
Support TBD 

• Additional topics and dates under consideration 
• Visit http://www.epa.gov/climatereadyutilities
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for updates 

Presenter
Presentation Notes
This webinar is the second in our series covering the tools and resources that CRWU provides for the water sector. The series continues through the spring. Our next planned event is February 27th with an introduction to CREAT, a risk assessment tool for water utilities planning adaptation. For updates and links to registration for upcoming events, please go to the CRWU website at www.epa.gov/climatereadyutilities.



Housekeeping 

• Polling questions 
• Mute/un-mute 
• Hand raise function 
• Questions 
• Technical difficulties 
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Presenter
Presentation Notes
Before we get started, I’d like to quickly address a few housekeeping items. After the presentation, we will have a few polling questions for you to answer. Your input is important to us, so if possible, please take the opportunity to respond to these questions. Also, just a quick note to remind you that everyone is muted as a courtesy to others on the webinar. Throughout the presentation, if you have questions, please feel free to raise your hand or send a message using the chat box. We can take a few questions as we go through the presentation and will do our best to address them at breaks or at the beginning of the Q and A session. If you have any technical difficulties during the webinar, please dial 00 for operator assistance.



Climate Ready Water 
Utilities (CRWU) 

CRWU Mission Statement 
 

    To provide the water sector (drinking water, wastewater, 
and stormwater utilities) with the practical tools, 

training, and technical assistance needed to adapt to 
climate change by promoting a clear understanding of 

climate science and adaptation options. 

 

4 

Presenter
Presentation Notes
For those of you not familiar with the CRWU initiative, our mission is to provide the water sector with the practical tools and technical assistance needed to adapt to climate change by promoting a clear understanding of climate science and adaptation options.



 

 
 

 
 

 
 
 

 
 
 

 

 
 

 

   
  

 
   

 
 

 
 

 

Climate Ready Tools & 

Resources 
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Assess Risks 
and Evaluate 
Opportunities 
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with 

Partners 

Research 
and Gather 
Information 
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Climate and 
Adaptation 

Basics 

Explore 
Elements 
of Climate 
Readiness 

Climate Resilience 
Evaluation and 
Awareness Tool 

Extreme 
Events 

Workshop 
Planner Toolbox Adaptation 

Strategies 
Guide 
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Framework 

Presenter
Presentation Notes
This graphic shows our current CRWU products and how they help build climate readiness in the water sector. As a suite, these tools and resources are the foundation for providing the assistance many utilities need to begin planning for climate change. Several of these CRWU products will be mentioned in this presentation and we’ll be going into more detail on each throughout the rest of this webinar series.



Overview 

• Climate change 
• Impacts to water utilities 
• Available climate information 
• Adaptation process 

– Assess and plan 
– Implement and evaluate 

• CRWU initiative 
– Tools and resources 
– Connecting with CRWU 
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Presenter
Presentation Notes
Let me give you a quick overview of today’s presentation. Jeremy Martinich, an environmental scientist in EPA’s Climate Change division, will start by presenting some background information on climate change and relevant impacts on water utilities. Then Dr. Casey Brown, Professor of Environmental Engineering at University of Massachusetts Amherst, will touch on available climate information and some good sources, and then discuss what you can do to assess and respond to the threats climate change poses for your utility. Finally, I will highlight CRWU tools for dealing with climate change, and we’ll close with the ways for you to get in touch with us and work with CRWU. Jeremy, I’ll turn the mic over to you now.



What is Climate Change? 

Climate change refers to a 
significant change in 
weather patterns as 
observed over decades or 
longer time periods. 
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• Changes in average conditions 
• Changes in extreme conditions 
• Changes will vary by location 

 

Presenter
Presentation Notes
Thank you, Steve. Climate change refers to a significant change in weather patterns, as observed over decades or longer time periods. The effects and impacts of climate change are already being seen across the country and globe, and are expected to continue to change in the future.  What we’re seeing and will continue to see are changes in average conditions, such as average annual temperature, and changes in extreme conditions, like flooding and drought.  It’s important to note that the impacts of climate change will vary by location, and may represent a new challenge or simply be a change in the magnitude of current challenges.  Even though the rate of change will vary, we do know that changes in climate are projected for all regions of the U.S.
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What Types of Changes Are 
Expected? 

• Increasing temperatures 
• Changing precipitation patterns 

– Less in some areas, more in others 
– Frequency and magnitude of 

extreme precipitation events 
– Changes in snowfall and snowpack 

• Changing patterns of extreme 
weather events 

• Rising sea level 

Presenter
Presentation Notes
Based on available climate data and assessments made by governmental and academic organizations, we expect to see increasing temperatures and changing precipitation patterns. Variations may result in changes to the frequency and magnitude of extreme precipitation and extreme weather events, such as flooding events, and changes in snowfall and snowpack, which affects seasonal runoff and water supply. And along coastlines, sea-level rise poses a threat to coastal infrastructure and water quality. In the next few slides, we’ll step through each of these changes in turn and look at potential impacts on utilities. 



Climate Change and the 
Water Sector 
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Reduced groundwater 
recharge 

Stormwater 
management challenges 

Increased 
residential demand 

Earlier spring 
runoff 

Lower reservoir levels 
and water shortages 

Degraded water quality and 
treatment challenges 

Increased frequency and 
extent of floods 

Loss of wetlands and 
coastal ecosystems 

Coastal flooding from 
storm surges 

Saltwater intrusion 
into coastal aquifers 

Presenter
Presentation Notes
Climate change is having and will continue to have a significant impact on the availability and demand for water resources worldwide. Any threat to the stability of water supply or capacity to treat wastewater is a problem for the water sector that necessitates planning and response. For example, changes in water supply have implications for water quality, and any change to the water cycle can impact groundwater supply. Adapting to these challenges requires a better understanding of the possible timing and magnitude of these impacts.



Increasing Temperature 

• Global average temperature has risen 
0.14 ̊F per decade since 1901 
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– Changes in surface water quality 

 
– Chang

Source: U.S. Global Change Research Program (GCRP). 2009. Global Climate 
Change Impacts in the United States. (Karl, T. R., J. M. Melillo, and T. C. 
Peterson, Eds.) ISBN 978-0-521-14407-0. 

es in demand for water and energy 

10 

Presenter
Presentation Notes
First, let’s talk about temperature. Worldwide, 2001-2010 was the warmest decade on record. Global average surface temperature has risen at an average rate of 0.14°F per decade since 1901, a rate similar to what has been observed in the U.S. Since the late 1970s, however, the United States has warmed faster than the global rate, with seven of the top 10 warmest years on record having occurred since 1990. Future temperatures are expected to change further, with projections ranging from 2 to 11.5 F by 2100, depending on the level of future greenhouse gas emissions.  As temperature rises, changes in water quantity and quality are likely to occur. Changes to the hydrologic cycle, particularly increases in evapotranspiration and winter-time air temperatures, could reduce groundwater recharge and lower lake and reservoir levels in some areas. Warmer waters may also lead to declining water quality as a result of algal blooms and other impairments.  In addition, the dependence of other sectors on water resources will also increase with rising temperatures. In particular, increased cooling water needs for electricity generation could be important for areas with limited supplies.
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Changing Precipitation 
Patterns 

Overall changes in climate will alter the 
total amount of precipitation (may be less 
or more, depending on local factors and 
season), contributing to: 
• Changing lake and reservoir levels 
• Altered groundwater recharge 
• Reduced snowpack and reservoir recharge 
• Changes in water quality (increased turbidity) 
• Greater demand for water for irrigation 

 
Source: U.S. Global Change Research Program (GCRP). 2009. Global Climate 
Change Impacts in the United States. (Karl, T. R., J. M. Melillo, and T. C. 
Peterson, Eds.) ISBN 978-0-521-14407-0. 

Presenter
Presentation Notes
Precipitation patterns are projected to change across the U.S., with variations in form, timing, and intensity. While there may be more or less total precipitation where you live, any change in how precipitation falls, during storms or as rain or snow, directly alters the quantity and quality of water available. As with temperature, water supply to lakes and reservoirs, snowpack storage, and recharge of aquifers may change as precipitation patterns alter. More precipitation during storms also increases the amount of runoff into surface waters, presenting challenges for source water treatment. And finally, water demand will change in the future, including for agricultural irrigation.
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Rising Sea Level 

Coastal utilities should be concerned 
about sea-level rise, which can lead to: 
• Increased flooding associated with coastal storm 

surges 
• Increased saltwater intrusion into aquifers 
• Accelerated loss of wetlands and coastal 

ecosystems 

Source: U.S. Global Change Research Program (GCRP). 2009. Global Climate 
Change Impacts in the United States. (Karl, T. R., J. M. Melillo, and T. C. 
Peterson, Eds.) ISBN 978-0-521-14407-0. 

Presenter
Presentation Notes
Based on modeling results, global average sea level is projected to rise from 1.5 to almost 5 feet by the end of the century, depending on the contribution from ice sheet melting. In most areas, sea level is expected to rise, but the rates will vary based on a number of local factors including: vertical land movement along the coast, winds, and ocean circulation. Despite these differences at regional and local scales, rising sea level has a number of different impacts which could significantly impact utilities and low-lying infrastructure. In addition, the intensity of Atlantic hurricanes and cold-season storms (like what the northeast just experienced with Nemo) are likely to increase. This, along with heightened sea levels, will create larger storm surges, meaning that today’s 100 year flood event will likely occur much more frequently in the future.  Rising seas also increase the potential for saltwater intrusion into coastal aquifers. Lastly, sea-level rise may accelerate the loss of wetlands and other coastal ecosystems. And now, before I hand the mic over to Dr. Brown from UMass, I’ll take a moment to address any questions from the chat.
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Extreme Weather Events 

More frequent and severe extreme 
weather events can produce: 
• More frequent and larger extent of flood damage 

to infrastructure 
• Increased crop loss and more frequent water 

shortages during drought 
• Property loss and erosion following wildfires 
• Increased damage from coastal storm surges to 

low-lying utility infrastructure 

Source: U.S. Global Change Research Program (GCRP). 2009. Global Climate 
Change Impacts in the United States. (Karl, T. R., J. M. Melillo, and T. C. 
Peterson, Eds.) ISBN 978-0-521-14407-0. 

Presenter
Presentation Notes
Thank you, Jeremy. As he described, all of these changes present a complex challenge for the water sector, but the specific combination of impacts that may affect your utility depends on your geographic region and the design of your system. One specific concern related to temperature and precipitation changes is the potential for more frequent and severe extreme weather events, such as the recent hurricane Sandy. Modest changes in the magnitude of these events may overwhelm thresholds, based on historical records, used when siting and designing infrastructure and operational practices. The potential consequences from these events include impacts to infrastructure, critical community assets, public health, and water resources. 



What Information and 
Data are Available? 

• Models as basis for climate projections 
• Down-scaling efforts to extend to local scales 
• Challenge: connect changing climate to more 

direct consequences to water resources 

      2020-2029                                   2090-2099 

CREAT plot of climate 
model projections Source: IPCC AR4 Projected 

Temperature Changes for SRES A1B  

Presenter
Presentation Notes
As we’ve discussed, there are a diverse set of challenges related to climate change that a utility may need to overcome. How does a utility determine which impacts to focus on and how to begin addressing them? A good starting point is to gather information on projected climate change, including available data for use in identifying and defining threats. Climate scientists use simulations of future global climate to project, not predict, possible changes in temperature, precipitation, and sea level. These simulations, called climate projections, are based on our understanding of earth science processes and observations of historical conditions. The models used typically generate projections at a coarse resolution, with one projection for an area covering a couple hundred square miles. This resolution is not well-suited for planning and decision-making. Fortunately, there are methods for using the coarse information to assess risks at local scales. Downscaling is a term for a variety of methods that provide data for local conditions.  Such methods can add local detail but cannot overcome the fact that for some regions the projections paint a wide range of possible futures.  Projections from different climate models tend to provide many different possible changes in climate. Considering the example shown here, from the southwestern U.S., there is a wide range projected changes in temperature and precipitation. This makes clear the danger of planning for projections from a single model. 



  
 

 
   

 
   

 
  

   
 

  
   

  
  

 

Why is the future climate
 
uncertain?
 

• Future emissions of Greenhouse Gases (GHG) 
– Only significant after 2050 
– Irreducible 

• Climate sensitivity to GHG emissions 
– Significant 
– In theory, reducible 

• Limitations in ability to model the climate system 
– Significant 
– No uncertainty reduction in sight (could increase) 

• Natural variability of the climate system 
– Significant, dominant at scales of adaptation 
– Irreducible (downscaling doesn’t help) 
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Presenter
Presentation Notes
It’s natural to ask why we can’t say more about what to expect for future climate.  The answer is that there are many aspects of climate that contribute to the uncertainty, and some are irreducible.  There are four important sources of uncertainty.  The first is the unknown future emissions of green house gases.  Due to the inertia of the earth’s climate system this really only has an impact on projections after about midcentury but does affect conditions in the second half of the 21st century.  The next two uncertainties reflect our understanding of the climate system and our ability to model it.  The first is climate sensitivity which is the climate systems’ response to greenhouse gas emissions.  Studies based on past climate and models have described a probable range for this number but the actual value remains uncertain.  This uncertainty is reflected in the state of the models that produce climate projections.  Since there is no perfect model, often we choose to use many projections from many models to provide a range of values.  Finally, and perhaps most challenging for water managers, is the natural variability of the climate system. There’s much about the weather and climate we experience at the local scales that is random chance.  The random nature of the climate system means even with perfect models we may still have a wide range of possible climates to consider.   



Dealing with Uncertainty 

• Level of uncertainty 
in climate change 
projections 

• Similar to other 
uncertain factors in 
decisions 

• Adopt scenarios to 
assess performance 
over a range of 
possible futures 

 Multiple scenarios within the distribution of 
climate model projections for a given location                   
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Increasing Temperature 

 Example scenarios 
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Presenter
Presentation Notes
It’s important to keep in mind that there is a level of uncertainty in climate projections. This is similar to other uncertain factors in decisions you make at your utility, such as future demand for water or future electricity prices. A good approach to addressing uncertainty is to create scenarios that explore the range of these possible futures. For example, you may want to look at climate change projections to see the extent of change they describe and evaluate how your system would perform.  



  
 

        

   

        

    

        

   

        

    

        

      

        

   

        

    

        

   

        

    

        

      

  
 
  
  

 
 

 
 

  
 

  
 

 

Decision-Centric Climate
 
Science
 

• Focus on identifying the vulnerabilities of the 
system 

• Identify climate
changes that are
problematic 

• Evaluate options
to improve
robustness to 
such climate 
changes 

Source: “Decision Scaling”, Brown and Wilby, 
2012 (EOS) 

Presenter
Presentation Notes
Another common approach is to focus on the possible vulnerabilities of your system and then try to deduce whether climate change could exacerbate those vulnerabilities.  We call this “decision-centric climate science.”  Instead of relying on climate projections to predict what the future climate will be, the analysis instead focuses on your system.  Climate scenarios can be created from stochastic weather generators to explore vulnerabilities to climate changes as well as changes in variability and extreme weather. Once the vulnerabilities are identified, you can explore options to reduce your risks.  One term you’ll see used in many CRWU resources is Low Regrets, which refers to an action that not only has potential benefits in the event of climate change impacts, but is beneficial now or in the future even without considering climate change.



What Can You Do? 

Learn more about your 
climate risks 

 
Exchange information with 
other utilities 

 
Plan, implement, and evaluate 
adaptation at your utility 
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Presenter
Presentation Notes
When faced with the potential challenges that climate change poses for the water sector, a utility has several options. Here are three basic, early steps for responding to climate change at your utility. First, you can learn more about your climate risks by delving into some of the resources available through CRWU and other groups. Another important step is to exchange information with other utilities, particularly when risks are shared and when acting collaboratively has mutual benefits. Lastly, you can plan, implement and evaluate adaptation at your utility. In the next few slides, we’ll step through each of these three steps and highlight CRWU resources that help address related goals. 



Learn About Your 
Climate Risks 

• Research and understand climate 
change impacts at the national, regional, 
and local level 

• Know the risks to your utility’s assets 
and operations 

• Use your research to help prioritize 
options to increase resilience 

• Access academic sources and CRWU 
tools 
 19 

Presenter
Presentation Notes
You can begin by researching and understanding climate change impacts at the national, regional and local level to begin identifying the risk that climate change poses to your utility’s assets and operations. You can then use your research to help assess risks and prioritize options to increase system resilience. You’ll want to use academic sources and information found in or linked to from CRWU tools.And now, before I hand the mic back over to Steve, I’ll take a moment to address any questions from the chat.
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Information 
Sources 

Report  or Website Source Year 

Climate Change 2007: The Physical Science Basis Intergovernmental Panel on 
Climate Change (IPCC) 

2007 

Global Climate Change Impacts in the United States US Global Change Research 
Program (USGCRP) 

2009 

Confronting Climate Change: An Early Analysis of 
Water and Wastewater Adaptation Costs 

National Association of Clean 
Water Agencies and 
Association of  Metropolitan 
Water Agencies 
(NACWA/AMWA) 

2009 

Daily documentation for Dataset 9101, Global Daily 
Climatology Network, version 1.0 

National Climatic Data Center 
(NCDC) 

2002 

Evaluating Decision Support Methods for 
Incorporating Climate Change Uncertainties into 
Water Planning 

Water Utility Climate Alliance 
(WUCA) 

2010 

Coupled Model Intercomparison Project phase 3 
(CMIP3) multi-model dataset 

World Climate Research 
Programme (WCRP) 

2008 

MAGICC/SCENGEN 5.3: 
http://www.cgd.ucar.edu/cas/wigley/magicc/ 

National Center for 
Atmospheric Research (NCAR) 

2008 

Presenter
Presentation Notes
Thanks, Casey. The number of publications and data resources available for conducting research on climate change and water is growing rapidly. Some of the resources used in the development of CRWU products are listed here. These publications and websites are a great place to start learning more about climate change and searching for data. They can all be found online, and are also linked from the CRWU Toolbox. Of particular note is the assessment conducted by the U.S. Global Change Research Program. This assessment, and models and literature used in developing their conclusions, are the foundation of climate information provided in the CRWU products described in this presentation.



Exchange 
Information 

• Research case studies of actions taken 
in response to climate risks by others in 
the water sector 

• Reach out to water utilities with similar 
challenges 

• Attend climate-related workshops, 
seminars, and conferences with other 
water utilities 
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Presenter
Presentation Notes
Utilities across the U.S. are planning for and responding to the challenges posed by a changing climate. When possible, it is beneficial to exchange information with utilities that are experiencing or may experience challenges similar to those you anticipate at your utility. By researching case studies of water utilities that have already taken action, you can start to get an idea of strategies and the extent to which others are responding. You can also connect with water utilities facing similar challenges by attending climate-related workshops, seminars, and conferences.



Plan, Implement, 
and Evaluate 

• Once you have identified your priorities, 
include both short- and long-term actions 
in your adaptation strategy 

• Continually evaluate your efforts and 
track your progress 

• Collaborate with the community and 
local government agencies whenever 
possible 
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Presenter
Presentation Notes
Once you have identified climate-related priorities for your utility, you’ll want to plan both short- and long-term actions as part of your adaptation strategy. As you take action, it is important to continually evaluate your utility’s efforts and track your progress. This process will allow you to document successes, identify areas for improvement, and collaborate with the community and local government agencies whenever possible.



Adaptive Management 

Flexible decision making with room for adjustment 
in the face of uncertainties 

• Well suited for the uncertainty of climate projections, 
which are updated through time 

• Need to continually evaluate climate adaptation in light of 
new data, models, and observations 

 
 
 

Adapted from: National Research Council. 2004. Adaptive Management for Water 
Resources Planning,  The National Academies Press. Washington, DC. 
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Presenter
Presentation Notes
As you consider how to respond to projected changes in climate, adaptive management may be a helpful decision-making framework for overall planning. Adaptive management provides the ability to make changes in a flexible and incremental fashion. As a result, it ensures that decisions related to the planning and implementation of new practices or infrastructure are made with information from assessments and measures of performance from previous actions. New information is incorporated as it becomes available. 



 

 

 
 

 
 

 
 
 

 
 
 

 

 
 

 

   
  

 
   

 
 

 
 

 

Climate Ready Tools & 

Resources 
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Assess Risks 
and Evaluate 
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with 

Partners 

Research 
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Climate and 
Adaptation 
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Explore 
Elements 
of Climate 
Readiness 

Climate Resilience 
Evaluation and 
Awareness Tool 

Extreme 
Events 

Workshop 
Planner Toolbox Adaptation 

Strategies 
Guide 

Adaptive 
Response 

Framework 

Presenter
Presentation Notes
Because the process of becoming climate ready is an emerging concept, CRWU tools and resources are designed to support utilities that embrace an adaptive management framework. 



Connect with CRWU 

We always appreciate feedback and 
collaboration when it comes to climate 
resiliency at utilities.  
• Send questions to CRWUhelp@epa.gov 
• Host pilot projects and exercises to improve 

and learn about available tools 
• Share your success stories with CRWU and 

other utilities as part of future releases 
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Presenter
Presentation Notes
Before we move into the question and answer session, I wanted to make sure to mention that we always appreciate feedback and collaboration when it comes to climate resiliency at utilities. You can send any questions to CRWUhelp@epa.gov. If you’d like to get more involved, you may be interested in hosting a pilot project or exercise. Pilots and exercises are mutually beneficial in that utilities have a chance to learn about a tool and CRWU has the opportunity to observe how tools are used, which can help improve future versions.



Upcoming Events 
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Next Event Date 
Introduction to CREAT February 27, 2013 

Coming soon Date 
Extreme Events Workshop Planner March 6, 2013 
Adaptation Strategies Guide March 13, 2013 
Workshop Planner/ Adaptation 
Strategies Guide April 10, 2013 

To register for these events and download resources, 
visit the CRWU website:  
www.epa.gov/climatereadyutilities 

Presenter
Presentation Notes
Our upcoming events will start with the next webinar in this series: an introduction to CREAT to be held on February 27th. For more information on this webinar series, including registration for upcoming events, and to view or download resources, please go to the CRWU website, www.epa.gov/climatereadyutilities.



For More Information 

 
Contact CRWU: CRWUhelp@epa.gov 
 
Sign up for e-newsletters: 
EPA Climate Change and Water News: Send a blank email to 
water_and_climate_change_listserve-subscribe@lists.epa.gov 
 
View EPA climate change activities:  
http://www.epa.gov/climatechange 
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Presenter
Presentation Notes
To contact us, send an email to CRWUhelp@epa.gov. We also encourage you to sign up for the climate change and water newsletter and to view other EPA climate activities, visit www.epa.gov/climatechange.



  
 

 
 

 
 

 
 

 
  

 
 

 

  

 

  

 

Thank you
 

Any questions? 
Curt Baranowski 
Baranowski.Curt@epa.gov 

John Whitler 
Whitler.John@epa.gov 

Amy Posner 
Posner.Amy@epa.gov 

Laura Dubin 
Dubin.Laura@epa.gov 

CRWUhelp@epa.gov 
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Presenter
Presentation Notes
Thank you for your time and attention today for our presentation of how climate change may impact the water sector. Here are the members of the CRWU initiative and their contact information. Now we’ll open the floor for questions and comments from you all. We’ll begin with any questions received during the presentation via the chat box and then take additional questions over the phone and through the chat box. Please un-mute your phone line by hitting #6 to speak or type your question into the chat box. 

mailto:CRWUhelp@epa.gov
mailto:Dubin.Laura@epa.gov
mailto:Posner.Amy@epa.gov
mailto:Whitler.John@epa.gov
mailto:Baranowski.Curt@epa.gov
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