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NOTE:   THIS FOREWORD WILL BE REWRITTEN BASED ON FINAL VERSION OF WHITE PAPER
California is already seeing the effects of climate change on hydrology, snowpack, river flows and sea level.  Planning for and adapting to these changes, particularly their impacts to public safety and long-term water supply reliability, will be the most significant challenge facing water managers this century.  

Water managers play dual roles when it comes to climate change.  The first role is in mitigation, which refers to the reduction of greenhouse gas (GHG) emissions from water-related energy use.  Water utilities use energy to provide quality and reliable water to customers, while wastewater utilities in turn use energy to safely collect, treat, and dispose of wastewater to protect public health and the environment.  By generating clean hydroelectric power, California’s largest source of GHG emissions-free electricity, water provides enormous benefits to California’s energy system and climate change mitigation efforts.  

In order to address water managers’ second role, the primary purpose of this report is to recommend adaptation strategies.  Several of these recommendations are ready for immediate adoption, while others are in need of additional public deliberation and development.  Some can be implemented using existing resources and authority, while most others will require new resources and entail significant new collaborative effort.  Overall, this report urges a new way of thinking about California’s water and other natural resources in the face of changing climate.

As Californians move beyond recognition of the impacts of climate change, state and regional water managers must simultaneously embrace mitigation and adaptation approaches.  While some climate change predictions are indeed dire, the good news about climate change is that actions taken to adapt to its impacts, are complementary to actions necessary for adapting to the other major changes in our future—in population, land use and economics—in California’s future.  As is often the case, in challenges lies opportunity, even a challenge as great as climate change.  Therefore, California must seize this opportunity to lead the nation and the world on climate change adaptation.

Lester A. Snow

Director

“Adapt or perish, now as ever, is nature’s inexorable imperative.”

H.G. Wells

CHALLENGES

Climate change is already impacting California’s water resources. In the future, warmer temperatures, different patterns of precipitation and runoff, and rising sea levels will increasingly affect the ability to manage water supplies and other natural resources. Adapting California’s water management systems in response to climate change presents one of the most significant challenges for the 21st century. 
It is already clear that:

· Historic hydrologic patterns can no longer be solely relied upon to forecast the water future;

· Precipitation and runoff patterns are changing, increasing the uncertainty for water supply, flood management, and ecosystem functions;

· Significant and consistent investments must be made in monitoring, researching, and understanding the connection between a changing climate, water resources, and the environment.

· Improvements in flood and drought preparedness, emergency response and recovery plans are needed;

· Water managers and users -- businesses, institutions, farms and individuals -- can play a key role in the reduction of greenhouse gas emissions and the stewardship of water and other natural resources; and

· An array of water management strategies can be implemented in ways to better address the uncertainties of changing climate patterns.

California’s Water Crisis

The history of water in California is one of conflict and perseverance. Concerns over the availability, quality and distribution of water are not new, but those concerns are growing more complex as water managers must navigate competing interests and regulations to reliably provide quality water to farms, businesses and homes, while protecting the environment and complying with legal and regulatory requirements. 
A survey of the California’s water landscape yields an assortment of crises.  For example, the Sacramento-San Joaquin Delta, the hub of the state’s water supply and delivery system, faces serious ecosystem problems, substantial seismic risk and sea level rise that threaten water supply reliability.  Of course, the Delta is not the only water management challenge confronting the state.  Groundwater supplies, especially in Southern California and the Central Valley, suffer from overdraft and contamination.  The Colorado River, an important source of water for much of Southern California, has just completed a historic drought period.  Floods will become more common and riskier as warmer temperatures lead to higher peak flows and floodplains become increasingly urbanized.  

What’s Happened Already

While the exact conditions of the future remain elusive, there is no doubt about the changes that have already taken place.  The average early spring snowpack in the Sierra Nevada has decreased by about 10 percent during the last century, a loss equivalent to the storage capacity of 1.5 Folsom Lakes annually.  During the same period, sea level rose seven inches along California’s coast.  A disturbing pattern has also emerged in flood patterns, namely, an increase in peak flows on many of the state’s rivers during the last 50 years. Within one decade, many Southern California cities twice experienced record low annual precipitation amounts.  Likewise, two of the state’s most damaging wildfire events occurred in Southern California during that decade.
The Challenges Ahead
Climate change impacts on water resource management will be significant.  Extreme weather events, increased droughts and floods, and scarcity of water in some parts of the state will stretch the capacity of existing water systems to meet future needs.   
The water management community has invested in, and now depends upon, a system that relied on historic hydrology as a guide to the future for water supply and flood protection.  However, this historic hydrology may have limited utility as a forecasting tool in the future.

Loss of Natural Snowpack Storage

The most critical impact for California water management may be the projected reduction in the Sierra Nevada snowpack - California’s largest surface “reservoir”.  Snowmelt currently provides an annual average release of 15 million acre-feet of water .  Much of the state’s water infrastructure was designed to capture the slow spring runoff and deliver it during the drier summer and fall months.  Based upon historical data and climate and hydrological modeling, DWR projects that Sierra snowpack will experience at least a 25 percent reduction by 2050. Climate change is anticipated to bring warmer storms that result in less snowfall at lower elevations, reducing the total season’s snowpack. This poses a monumental threat to water supply reliability.   

Drought  
Climate change will cause longer and drier periods of drought.  Warming temperatures, combined with changes in rainfall and runoff periods will exacerbate the frequency and intensity of droughts.  Regions that rely heavily upon groundwater will be particularly impacted as yield becomes increasingly variable.  Drought will especially affect water users that rely only on annual rainfall, and not on managed water sources – dry-land agriculture, livestock grazing on non-irrigated rangeland, water-based recreational industries, and of course environmental resources.
Higher Flood Peak Flows, Increased Storm Variability

The amount of snow (and its water content) is critical for water supply and environmental needs, but so is the timing of runoff into river and streams.  Rising snowlines caused by climate change and warming temperatures will allow a greater portion of the Sierra Nevada watersheds to contribute directly to storm runoff.  Along with changes in the amount of the snowpack, scientists project greater storm intensity, resulting in more direct runoff and flooding.  Minimum flood protection, for the purposes of federal flood insurance, has traditionally been measured against the “100 year” flood event, which refers to the level of flood flows expected at least once in a 100-year period (or with a one percent chance of striking in any given year).  With the changes to California’s hydrology, what is currently considered a “100-year flood” will strike more often, leaving many communities at greater risk, if steps are not taken to improve flood protection systems.  As peak flows and precipitation change over time, planners must also factor a new level of safety into the design, operation and regulation of flood control facilities. 
Sea Level Rise

Like all climate change impacts, sea level rise estimates are difficult to quantify, in part because of ongoing scientific uncertainty over ice sheet dynamics at the North and South poles and in Greenland.  Scientists have documented sea level rise over the past century, and agree that the sea continues to rise over time, but there remains a high degree of uncertainty regarding the rate of rise.  Recent peer-reviewed studies estimate a rise of between 23-55 inches by 2100.  For Californians living in the Delta, or the millions who rely on drinking water or agriculture irrigated by Delta exports, the most critical impact of rising seas may be the amplified pressure on an already vulnerable levee system.  Catastrophic levee failures could inundate Delta communities and interrupt water supplies throughout the state.  According to the Public Policy Institute of California, the economic cost of a single episode of unexpected levee failure in the Sacramento–San Joaquin Delta could reach $40 billion.  Even without levee failures, sea level rise will diminish drinking water supplies for coastal communities due to the intrusion of seawater into coastal aquifers.  Delta water supplies will also be impacted, further degrading drinking water quality and aquatic habitat.

Hydroelectricity: The Other Water-Energy Nexus

Climate change will reduce the reliability of hydropower generation, which is California’s largest source of energy that has no greenhouse gas emissions.  Heavier winter and spring rainfall and floods can strike during flood control season, when reservoirs must be maintained at lower levels.  Increased or fluctuating water inflows to reservoirs may exceed generation capacity, forcing water releases over spillways and resulting in lost hydropower potential.  Higher snow elevation, decreased snowpack, and earlier melting result in less water being available for power generation during hot summer months, when energy demand is highest.  The impact is compounded overall by the anticipated increased energy consumption due to higher temperatures and greater water demands at a time when less water is available.  These conditions may force greater dependency on fossil fuel generation that produces greenhouse gases.

Other Impacts

Climate change will have a variety of secondary impacts related to water management.  It will increase evapotranspiration rates, thereby increasing the amount of water that is needed for the irrigation of certain crops.  Warmer water will distress many fish species and require the additional cold-water reservoir releases.  Changes in the timing of river flows will affect water quality.  On one extreme, flood peaks may wash more pollutants off watersheds challenging treatment plant operations, while on the other extreme, lower summer and fall flows may provide less dilution of contaminants.  A warmer and drier climate will increase the frequency and intensity of wildfires as well, affecting watersheds and water quality.  
The Imperative to Act: Mitigating and Adapting to Climate Change

The state’s water resources are already stressed.  Additional stress from climate change will only intensify the competition for clean, reliable water supplies. 
While doing its part to reduce greenhouse gas emissions and expand the use of renewable resources, California’s water community must concentrate its efforts on adaptation steps to respond to the anticipated changes.  The IPCC report (2007) states that adaptation “will be necessary to address impacts resulting from the warming which is already unavoidable due to past emissions.”  
As understanding of climate change increases, the challenge for California’s water community is to develop and implement strategies that improve resiliency, reduce residual risk, and increase sustainability for water and flood management systems. To be successful, these adaptation strategies must be implemented collaboratively at the state, regional, and local levels and integrated to maximize their effect.  
SIDEBAR:  The mitigation aspect of climate change response, or the reduction of greenhouse gas (GHG) emissions that contribute to our changing climate, has received the most international attention. At a global scale, greenhouse gas emissions must be reduced to slow the effects of warming and climate change.  California is already leading the world to enact major GHG reductions on an ambitious timeline.  In 2006, Governor Arnold Schwarzenegger and the California Legislature enacted Assembly Bill (AB) 32 - The Global Warming Solutions Act - into law.  AB 32 requires a statewide cap on GHG emissions, reductions in emissions from major stationary sources, and the development of a mandatory reporting system for these emissions.  According to the California Energy Commission, all water-related energy use in California consumes approximately 20% of the state’s electricity, and 30% of the state’s non-power plant natural gas (i.e. natural gas not used in turn to produce electricity).  The Governor’s Climate Action Team is overseeing the implementation of AB 32 including a multi-agency water-energy subgroup tasked with the development of GHG mitigation strategies for energy consumption related to water use.

A NEW VISION FOR CALIFORNIA WATER MANAGEMENT
California water management systems have provided the foundation for the state’s economic vitality for more than 100 years, providing reliable clean water supplies and adequate flood protection.  However, the climate patterns that these systems were based upon are different now – and continue to change at an accelerated pace.  Global climate change has resulted in less predictable precipitation and runoff patterns.  Droughts will become more common.  Sea level rise poses risks to public safety and water quality.  Together, these changes result in significant peril and uncertainty to water supplies, ecosystem and flood protection.
Fortunately, there are strategies which can help manage these changes and reduce the risks.  There are several foundational reports and processes which guide the development of appropriate responses:
· California Water Plan Update 2005 and preliminary work developed for Update 2009
· Progress on Incorporating Climate Change into Management of California’s Water Resources (DWR, 2006)
· Intergovernmental Panel on Climate Change working group reports
· FloodSAFE Strategic Plan?

· Others?
Clearly, no single project or strategy can adequately address the challenges California faces.  The cost of inaction would be great.  But planning and investing in a comprehensive set of actions which provide system diversity and resilience now can help ensure California is well positioned to deal with climate conditions in the future.

STRATEGIES
Regional Management Strategies

California is comprised of multiple climate zones. Each region of the state will experience unique impacts from climate change. For some, watershed health will be the chief concern.  Other areas will be impacted primarily by saltwater intrusion.  Regions that depend heavily on water imports will need aggressive strategies to cope with greater uncertainty in supply.  Economic and environmental effects are dependent upon geographic location, so adaptation strategies must be regionally appropriate.

Strategy 1:  Fully Implement Integrated Regional Water Management 
Integrated Regional Water Management (IRWM) provides the best framework for actions to address the uncertainties presented by climate change, as well as other risks to California’s water future.  IRWM is a collaborative process that evaluates water resources over an entire watershed or region, determines current and future water demands for land use, fish and wildlife resources, and local economies, and then produces a comprehensive, adaptive for sustainable water uses in that region.  IRWM can provide both the diversity and resilience necessary to deal with climate change. 

· All regions of California must develop and implement an effective IRWM plan. [Add map of regions with IRWMps]
· All IRWM plans must include: 

· An assessment of the region’s ability to respond to the increased risk and uncertainty associated with climate change.  
· An integrated flood management component (see recommendation 5).

· An assessment of regional groundwater and surface storage (see recommendation 4).

· Aggressive conservation strategies (see recommendation 2).

· Groundwater management plans

· Activities that help restore natural processes in watersheds to increase infiltration, slow runoff, improve water quality, and augment the natural storage of water.

· An assessment of the “carbon footprint” of the region’s water management activities and a list of actions designed to meet the statewide goals outlined in AB 32.  In order to take advantage of an existing framework and process for calculating their “carbon footprint,” these utilities should join the California Climate Action Registry [provide link} 

DWR will provide incentives to support regions in developing and improving their IRWM plans, including standards, quantitative tools and other guidance for evaluating greenhouse gas emissions and developing adaptive responses to climate change.  DWR will focus assistance on medium and small water utilities that may lack resources to address climate change in their planning processes. 
Strategy 2:  Aggressively Increase Water Conservation
Water conservation is a foundational action that serves to mitigate and adapt to climate change.  Water conservation programs must be a key part of every water agency’s water portfolio.  

· As directed by Governor Schwarzenegger, DWR in collaboration with the California Energy Commission, the California Public Utilities Commission, the State Water Resources Control Board, the California Department of Public Health and the nine Regional Water Quality Control Boards, will develop and implement strategies to increase regional water supply self-sufficiency and achieve a statewide 20 percent reduction in per capita urban water use by 2020.  

· By 2010, all Urban Water Management Plans and IRWM plans must include provisions to implement all urban best management practices established by the California Urban Water Conservation Council. [Add sidebar on BMPs]
· Local and regional water use efficiency programs should emphasize those measures that reduce both water and energy consumption.  

· DWR, in coordination with the Water-Energy Subgroup of the Governor’s Climate Action Team, will develop a list of urban water conservation recommendations for incorporation into the California Water Plan Update 2009.

· All local governments are required to adopt the State Model Water Efficient Landscape Ordinance (MWELO) or equivalent, as required by statute. As the MWELO only addresses new development, local governments should pursue conservation programs to reduce water use on existing landscapes. [Add sidebar on MWELO]
· Recycled water may represent a relatively energy efficient water management strategy in many regions of the state.  Those water agencies should adopt policies that promote the use of recycled water for all appropriate uses.  Local land use agencies should adopt ordinances that require the installation of dual plumbing systems in all new industrial, commercial, and multi-family residential construction [Add sidebar on dual plumbing?]
· The Legislature should authorize and fund incentive-based programs to encourage widespread use of water-efficient toilets, shower heads, irrigation systems, and other water conserving products. 
Additional State Legislation may be needed to further reinforce attainment of the conservation effort. 
Statewide Management Strategies

California has an unparalleled water infrastructure system which stores and conveys water, manages flood flows, and interconnects many of the state’s regions.  This system of reservoirs, canals, floodplains and levees must be modified and managed differently to accommodate climate change.
Strategy 3:  Coordinate Existing Water and Flood Management Systems

Current water resources infrastructure is already strained to meet existing, competing objectives for water supply, flood control, environmental protection, water quality, hydropower and recreation.  In a changing climate, the conflicts between competing interests will be even greater as supplies become less reliable.  
The improved performance of existing water infrastructure cannot be achieved by any single agency, but will require the explicit cooperation of many.  Successful system re-operation will require that the benefits of such actions are shown to federal and local partners.  

· DWR will establish a system re-operation team comprised of DWR personnel, federal agency representatives, and appropriate stakeholders that will identify actions to achieve the following:
· Quantify the potential benefits and impacts of system re-operation for water supply reliability, flood control, hydropower, cold water management, water quality and other ecosystem benefits.
· Include watershed level analyses that detail localized benefits

· Identify key institutional obstacles that limit system re-operation benefits

· Communicate demonstration project results to encourage broader participation in system re-operation analyses

· Engage broader participation in further system re-operation studies

· Identify dam safety issues

Strategy 4:  Increase and Improve Management of Surface and Groundwater Storage

Additional water storage can provide flexibility for better flood management, water quality, operational improvements and system reliability in response to daily and seasonal uncertainties in water management.  Aquifers have traditionally been overdrafted during droughts.  As droughts will be exacerbated by climate change, more efficiency groundwater basin management will be necessary to avoid additional overdraft.  Surface storage reservoirs can provide benefits in a changing climate by capturing higher peak flows, providing cold water releases for fish, repulsing seawater intrusion to protect drinking water quality, offsetting the loss of snowpack storage and facilitating increased storage of water underground.
· DWR will complete surface storage feasibility studies for the Sites Reservoir project and Los Vaqueros Reservoir expansion project and provide assistance to the Bureau of Reclamation in its investigations of the Shasta Dam enlargement project and Temperance Flat Reservoir project.  DWR’s assessment will include evaluation of flood, ecosystem, and water quality benefits in response to climate change. 
· DWR will provide assistance to local agencies in assessing regional storage needs.

· AB 303 Groundwater Management Plans

· Local land use agencies should adopt ordinances that protect the natural functioning of groundwater recharge areas.

· The State and local governments must increase funding to protect groundwater basins.  Groundwater management should be a fundamental component of IRWM plans.  Local agencies must have groundwater management plans in order to:

· effectively use aquifers as water banks;

· prevent seawater intrusion of coastal aquifers caused by sea level rise;

· avert otherwise inevitable conflicts in water supply; and

· provide for sustainable groundwater use.
Strategy 5:  Promote and Practice Integrated Flood Management

Many Californians already face a high risk of flooding.  Catastrophic flooding within the Central Valley could mirror or exceed the economic, social and environmental damages caused by Hurricane Katrina in 2005. Over a half million people live behind levees in California now, with populations continuing to grow.  Climate change will exacerbate the state’s flood risk by producing higher peak flows, and a shift toward greater winter precipitation.  Flood systems throughout the state must be modified and managed to accommodate the future variability of flood flow magnitude and frequency.  

· DWR will develop a multi-objective Central Valley Flood Protection Plan that includes actions to improve integrated flood management and accounts for the expected impacts of climate change.  The plan will provide strategies for greater flood protection and resilience.  It will address: 

· Emergency preparedness, response, and recovery actions
· Expansion of the flood bypass system to reduce pressure on critical urban levees and provide for habitat and agricultural land preservation 

· Structural and non-structural improvements needed in the flood protection system to provide at least 200-year level flood protection for urban areas
· Increased use of set-back levees to provide greater public safety, floodplain storage, habitat opportunities and system flexibility 
· Integrate flood management with all aspects of water resources management and environmental stewardship
· DWR will enhance statewide flood management planning as part of the California Water Plan Update 2009 process by:

· Supporting regional flood management planning as part of Integrated Regional Water Management Program grantmaking and technical assistance. 
· Local governments should implement land use policies that carefully consider impacts to water resources and water quality in a changing climate as well as the consideration of increased flood risk. 
· Local land use agencies should update their General Plans to include increased flood risks posed by climate change.  Until more refined projections are developed, DWR recommends a 20% higher peak flow reference for planning purposes.
· Local governments should site new development outside of undeveloped floodplains unless the floodplain has an adequate and sustainable level of flood protection.
Strategy 6:  Preserve, Enhance, and Restore Ecosystems

Ecosystem stewardship is the commitment to and responsibility for sustainably managing natural resources and protecting the environment.  Systems for water supply and flood management can be more successful and economical over time when they preserve, enhance and restore ecosystem functions.  As water managers develop and deliver reliable water supplies and provide flood protection for the state’s residents, they must adopt ecosystem stewardship as a primary goal.

· Focused research on climate change ecosystem impacts to California’s watersheds must be expanded.  
· The California Water Plan Update 2009 will include explicit consideration of the habitat impacts of climate change.  The restoration and maintenance of biological diversity and natural processes of aquatic and related terrestrial ecosystems must be incorporated into water and flood management. 
· Water managers should go beyond routine environmental compliance to help reduce existing environmental stressors in anticipation of further ecosystem challenges caused by climate change.

Improving Management and Decision-Making Capacity

In order to determine the occurring and future impacts of climate change on varying regions of the state, data comparisons must be made.  Past records, current conditions and trends must be analyzed to provide a forecast for future weather, climate, supply and flooding variables.  Unfortunately, sensors that measure this information, both off-shore and over land, are too sparse to draw these comparisons.  Investment is needed in both measurement networks and research studies. Additionally, funding must be sustained in these areas, in order to preserve the unbroken and continuous records that are vital to determining the impacts of climate change. 

Strategy 7:  Improve and Expand Monitoring and Data Collection
The uncertainty that remains in the rate and magnitude of long-term climate change must be quantified.  Improved data collection and a robust monitoring network will help determine useful mitigation and adaptation strategies.

· For data to be useful in climate monitoring and climate change detection there must be better and more consistent monitoring of critical variables such as temperature, evapotranspiration, wind, and snow level.  Expanded climate monitoring is especially needed at high elevations to observe and track changes occurring in the rain/snow transition zone, which is critical for projecting future water supply. 

· Similarly, improved observations of atmospheric conditions are needed. DWR will participate with The National Oceanic and Atmospheric Association (NOAA) and Scripps Institute of Oceanography in implementing the Hydrometeorological TestBed program which enhances off-shore and land measurements of weather variables. This research will help define underlying atmospheric processes that lead to California’s seasonal and geographic distribution of rainfall. Climate modelers can then project future rain and snow patterns on the regional scale. 

Strategy 8:  Plan for Sea Level Rise

Of the many impacts of climate change, sea level rise presents the most challenging problem for which to plan.  Much of the Sacramento-San Joaquin Delta, the hub of California’s state and federal water projects, consists of islands that are below sea level and protected by levees.  Rising sea levels pose a threat to water quality and increase pressure on fragile levees.  Coastal aquifers as well as local and regional investments in water and flood management infrastructure are also vulnerable to rising seas. 
· The State will establish an interim sea level rise estimate for planning purposes.
· DWR, in coordination with other state agencies, will convene and support a scientific panel of the National Research Council to provide expert guidance regarding official statewide sea level rise planning numbers.  These numbers should be revisited and revised periodically to reflect updated scientific data..
Strategy 9:  Identify and Fund Focused Climate Change Impact Research and Analysis
Existing available research provides a broad range of possible future changes. Developing more focused research can help narrow the range of uncertainty in those changes. This will assist in planning for new projects, management activities, and policies.

· In association with research institutions such as NOAA’s Regional Integrated Science Assessment centers, Lawrence Livermore National Laboratory, and the University of California, DWR and the Department of Fish and Game should identify focused research needs to better define potential changes to floods, droughts, water quality, and ecosystems
.

· Since some uncertainty will always exist, the state’s water supply and flood management agencies need to perform sensitivity analyses on their early preliminary planning studies, and risk-based analyses for more advanced planning studies.

· As part of the California Water Plan Update process, every five years DWR will provide estimates of changes to sea level, droughts and flood peaks that can be expected over the next 50 and 100 years.

Investment Strategies

Adaptive responses to climate change will not come without a cost.  Climate change exacerbates the problems that exist with a water infrastructure that is already aging.  While recent bond measures have provided a down payment for improving California’s water and flood systems, climate change presents an ongoing risk that requires a long-term commitment of funding that is properly matched to anticipated expenditures.  

Strategy 10:  Provide Sustainable Funding for Statewide and Regional Integrated Water Management   
· The State Legislature should conduct a formal assessment of state and local financing mechanisms to be able to provide a continuous, stable source of revenue to sustain the programs described above.  Activities in need of certainty and continuity in funding include regional water planning, inspection and maintenance of flood management facilities, observational networks and water-related climate change research.

� More background and recommendations on research needs are included in Appendix B
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