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[bookmark: _Toc331594892]About This Chapter
Chapter 6 describes a roadmap and key actions needed to improve water resources information and analysis for integrated water management by State government, particularly the Department of Water Resources (DWR), and by the many other research institutions, and federal, tribal, regional, and local water management entities. It describes how poor communication, incomplete information and lack of innovation in new analytical tools prevent water managers from achieving effective integrated water management. A framework describes how quality information, supporting analysis, and public engagement can inform the key policy components of the Water Plan including desired outcomes, core values, statements of intent, and recommendations. The chapter includes recommendations and responsibilities for implementing key technical enhancements. The chapter concludes with new technologies and identifies important enhancements to process, analytical tools, and information needed to support integrated water management and more transparent decision making. 
This chapter is organized into the following sections.
Purpose and Motivation
Informing the Water Plan Policy Setting with Quality Information and Analysis
Integrated Data and Analysis — Where We Are Today
Integrated Water Management — Where We Want to Be
Objectives for Informed and Transparent Decision Making — How We Get to Where We Want to Be
Prioritizing Action for Informed and Transparent Decision Making — Recommendations
Developing new technology
Summary
[bookmark: _Toc331594893]Purpose and Motivation
California faces significant challenges with balancing many diverse interests affected by water policy decisions. These challenges are amplified by fragmented and poorly communicated information that is informed by analyses that cannot fully evaluate the many alternative and often competing water management objectives and tradeoffs. While extensive information affecting water is collected by many federal, State and regional programs, the information often resides in separate silos. There is a critical need for information sharing and information management to support over-arching and long-term water policy decisions that cross-cut multiple programs across many organizations and provide a common and transparent understanding of water problems and potential solutions. Achieving integrated water management with multiple benefits requires a transparent description of dynamic linkages between water supply, flood management, water quality, land use, environmental water, and many other factors. This chapter describes an analytical framework to support sound and effective water policy decisions, and promotes the use of collaborative processes and technical enhancements consistent with the Water Plan goals and objectives to assist decision-makers to move California toward a more sustainable future.
[bookmark: _Toc331594894]Informing the Water Plan Policy Setting with Quality Information and Analysis 
The California Water Plan provides statewide water policy guidance in a numbers of ways. The Vision Statement describes a desired future where California has healthy watersheds, and integrated, reliable, and secure water resources. The Water Plan describes several desired outcomes for the year 2050 seeking supplies that are adequate, reliable, secure, affordable, sustainable, and of suitable quality. Policy guidance is also provided in the core values, statements of intent, and recommendations. During Update 2005 of the California Water Plan DWR worked with the Public Advisory Committee to develop twenty-eight policy questions that the California Water Plan should address quantitatively. Some of the key questions are shown below.  See the Technical Guide Article, “Policy Questions for the California Water Plan Needing Quantitative Information”, for the full list of questions.

What are estimates of the local, regional, and statewide components of the hydrologic cycle in California?
What are the current water management strategies and uses, what are potential future strategies and uses, and how are these estimated for all sectors (agricultural/environment/urban) and all levels (local, regional, statewide)?
What are some of the benefits of and tradeoffs between different water management strategies?
How does water scarcity affect the economy, the environment and all beneficial uses?
What are the most pressing local, regional, and statewide water management problems now and in the future and what are potential solutions to the problems?
How will climate change affect water management in the future?
How should California manage flood events and flood plains?
It is essential to support policy guidance in the California Water Plan with good science, and quality information and analysis. The Water Plan is building an analytical framework that effectively and collaboratively links water policy with the best available information, science, and technical information and analytical tools. Information should be collected not only for evaluating specific problems, but to measure the effectiveness of policies, programs, and projects. Analytical tools need to provide information about the benefits, costs, and tradeoffs to address the policy questions described above. The analytical framework developed with public engagement must provide a vision for improving information management and analytical tools, and address the day-to-day realities of managing programs with limited resources.
[bookmark: _Toc331594895]Integrated Data and Analysis — Where We Are Today
Integrated water management is a foundation of water planning in California and the California Water Plan. This is a multi-objective approach that encourages using a mix of resource management strategies to provide broad benefits. These strategies include water use efficiency, water recycling, desalination, and storage as well as strategies for protecting and improving water quality, managing floodplains, runoff, and watersheds, and restoring ecosystems. Update 2013 (Volume 3) identifies numerous strategies to help meet regional and statewide integrated water management objectives. Communities can plan, invest, and diversify their water portfolios using these management strategies to become more self-sufficient using local supplies and resources and minimize conflicts with other resource management efforts and other regions. 
Currently, many Integrated Regional Water Management Plans are only integrated in a conceptual sense and do not quantify how proposed actions might affect the water management system. Integrated water management needs better water management information and analytical tools to connect information about the benefits and tradeoffs about water quality, environmental objectives, economic performance, social equity objectives, and surface water and groundwater interaction. Today, it is difficult to access and compare, much less integrate, information from different local entities to understand and resolve regional water management issues, and even more difficult to understand the statewide linkages. To make significant progress toward a more comprehensive scientific understanding California needs to improve water information exchange and management, and develop integrated analytical tools that can be used to document and share knowledge. Investments in information exchange and integrated analytical tools will help facilitate consensus-based decisions that are a key part of integrated water management. 
The sections below describe where we are today with respect to three critical pieces of integrated data and analysis:
Linking collaborative processes with technical enhancements
Providing effective analytical tools
Improving and sharing information
[bookmark: _Toc331594896]Linking Collaborative Process with Technical Enhancements — Where We Are Today
[bookmark: _Toc247611143]It is important for the Water Plan to be clear about the scientific confidence and the process it uses for vetting analytical tools and information used to guide water policy. The Water Plan uses information from many sources. Much of the information is generated by subject matter experts applying analytical tools developed specifically for the Water Plan. Other information is collected from a wide range of sources including peer reviewed articles, government agencies, think tanks, professional associations, and public interest groups. Each of these information sources comes with its own scientific confidence with respect to how the information was developed. Figure 6-1 shows how the confidence associated with different information sources might vary. This section describes some of the current processes the Water Plan has in place and proposes enhancements to this process to be more transparent about the information used to guide water policy.
[bookmark: _Toc331594929]PLACEHOLDER Figure 6-1 Sources of Information
[Any draft tables, figures, and boxes that accompany this text for the advisory committee draft are included at the end of the chapter.]
The Water Plan employs a rigorous public process to receive feedback on the information used to guide water policy. This includes the use of external expert panels, policy advisory groups, and technical advisory groups to advise the appropriate application of available information and analytical tools. DWR convened the Statewide Water Analysis Network (SWAN) to assist with formulating recommendations on technical improvements needed to support the Water Plan. (See http://www.waterplan.water.ca.gov/swan for additional information about the activities of SWAN.) SWAN, a voluntary collection of scientists and engineers, has met several times during development of Water Plan Update 2013 to provide advice on the quantitative deliverables for the Water Plan including the recommendations contained in this chapter. DWR has also convened a Climate Change Technical Advisory Group to advise DWR on the scientific aspects of climate change, its impacts on water resources, the use and creation of planning approaches and analytical tools, and the development of adaptation responses. (See http://www.water.ca.gov/climatechange/cctag.cfm for additional information.) DWR shares information regularly and meets periodically with these advisory groups with the purpose of providing advice on the scientific confidence and policy relevance of Water Plan content. After considering all advice received, the Water Plan relies on the professional judgment of subject matter experts to evaluate sources of information and available analytical tools and decide what and how to apply the available information to develop key findings and recommendations. 
[bookmark: _Toc331594897]Providing Effective Analytical Tools — Where We Are Today
Decision-makers often, and by necessity, take action on issues that affect water management even when there is significant uncertainty either about the basic scientific understanding of the water management system or about the political or social acceptance of particular water management alternatives. For example, today scientists cannot describe precisely what long-term climate change will mean for water and flood management in California. However, enough is known about the potential impacts that decision-makers have enacted a series of measures to reduce greenhouse gas emissions and implement adaptation strategies. Analytical approaches need to be improved to effectively quantify where scientific uncertainties exist, allow for collaborative decision-making to help overcome political and social disagreements, and identify actions that will have sustainable outcomes.
Several factors have led DWR to rethink how it evaluates California’s future water conditions. We often do not have detailed quantitative information about the costs, benefits, and tradeoffs associated with different water management strategies. Water resources information, analytical tool development, and information management and exchange have not kept pace with growing public awareness of the complex interactions among water-related resources. California lacks a consistent framework and standards for collecting, managing, and providing access to information on water and environmental resources essential for integrated regional resource management. For example, four separate statewide surveys of urban water use by different entities result in duplicative efforts by those reporting the information and often with inconsistent responses. Improvements to water resources information, information management and analytical tools can reduce many uncertainties about the state’s current and future water resources: how water supplies, demands, and water quality respond to different resource management strategies; how ecosystem health and restoration can succeed; and how we can adapt our water system to reduce controversy and conflicts.
[bookmark: _Toc331594898]Improving and Sharing Information — Where We Are Today
[bookmark: _Toc247611135]Water management information is collected and maintained by many local, regional, State, federal, and Tribal governments, agencies, and organizations. A wealth of information already exists, but remains siloed in multiple institutions that do not share information with each other. Some entities like the Metropolitan Water District of Southern California have made inroads into effective integration of information from its water retailers. In contrast, the Water Plan does not have a fully transparent linkage between the information collected from local entities and reported at the hydrologic region. This is due in part to the labor-intensive process of collecting relevant information across the state and converting it into a useful format for the Water Plan. 
[bookmark: _Toc331594899]Information Gaps and Limitations
The Water Plan describes much of the current water resource information in regional water flow diagrams (see Volume 2 Regional Reports and Volume 5 Technical Guide). Flow diagrams characterize a region’s hydrologic cycle. Completing more comprehensive regional flow diagrams and water balances requires more detailed information on land and water use, surface and groundwater supplies, and the ability to differentiate between applied and consumptive water uses. The following categories of information are not available statewide for use by the Water Plan.
Land use—native vegetation, urban footprints, nonirrigated and irrigated agriculture
Groundwater—total natural recharge, subsurface inflow and outflow, recharge of applied water, extractions, groundwater levels, pumping-induced land subsidence, and water quality. (Senate Bill 6, enacted in November 2009, provides a significant improvement in access to groundwater information by requiring local agencies to monitor groundwater levels.)
Surface water—natural and incidental runoff, local diversions, return flows, total stream flows, conveyance seepage and evaporation, runoff to salt sinks, and water quality. (Senate Bill 8, enacted in November 2009, provides for improved accounting of location and amounts of surface water diversions.)
Consumptive use—evaporation and evapotranspiration from native vegetation, wetlands, urban runoff, and nonirrigated agricultural production
Soil moisture characteristics—water saturation, porosities, and field capacities
Environmental/biological data—species monitoring and their habitat water requirements
Land elevations and channel bathymetry
Current and future price of water by supply source
This information is available for some regions and not others. For example, methods and data to estimate natural runoff are available for regions like the Sacramento Valley where the Delta is a central outflow measurement. In areas like the South Coast Hydrologic Region, with no central point for outflow measurement and substantial groundwater, the natural runoff is more difficult to estimate. Existing data are not easily gathered or disaggregated to provide convenient access for all areas of interest. In addition, budget constraints limit the data collection and management necessary to quantify and track all the water in the state.  The result can be data sets consisting only of older, less current information or significant gaps in available information.
[bookmark: _Toc331594900]Integrated Water Management — Where We Want to Be
Today’s water resources problems are complex, requiring a large amount of information to understand water demands and supplies, evaluate ecosystem restoration options, adapt to long-term climate change, implement integrated regional water and flood management solutions, and assess economic consequences. While there are many limitations and gaps in water management information under present institutional arrangements, there is still a need to provide access to information collected by the many institutions involved in California water management. Faced with limited resources, it is critical for institutions to leverage data that is already being collected by other institutions and make it available for analysis and water management decisions. 
Many of the policy questions the Water Plan should address can be quantified in relationship to the resource management strategies described in Volume 3. While there is no existing analytical tool that can quantitatively capture all the complex issues, the Water Plan is employing analytical tools to systematically evaluate the performance of regional resource management strategies in the face of a number of critical uncertainties, including population growth, land use decisions, and climate change. Chapter 5 describes in more detail uncertainties facing water managers and how the Water Plan is quantifying these uncertainties. 
The Water Plan has identified the following goals to more effectively link policy questions with quantifiable information:
Apply Shared Vision Planning to develop a common conceptual understanding of the water management system, and seek consensus on the results from technical studies. (See section below, Linking Collaborative Processes with Technical Enhancements to learn about Shared Vision Planning).
Develop an integrated analytical framework that captures dynamic linkages between water supplies, flood management, water quality, land use, and environmental stewardship.
Use this framework to evaluate the full spectrum of uncertainties that confront water planning in California, including climate change, land use decisions and demographic changes, and other factors.
Evaluate the results of these analyses using an appropriate set of performance metrics, considering robustness and risk. 
Develop a strategy to help evaluate the effectiveness of policy recommendations in the Water Plan.
Develop an information exchange system to more effectively share results of studies.
The following highlights three examples of analysis performed for integrated water management that have significantly increased the need for improved water management information with robust and transparent technical analysis.
[bookmark: _Toc331594901]Integrated Flood Management
Integrated flood management seeks to include both structural and nonstructural methods to manage high water events and seeks to enhance the ability of undeveloped floodplains and open spaces to reduce the incidence of flood events and the implementation of land use practices that minimize the risk to lives and property while enhancing environmental stewardship. This multifaceted approach to flood management relies on the integration of multiple strategies to achieve the broad goal of improving flood management and reducing risk. Analysis of flood management strategies requires water management information and analytical tools that are useful to daily or hourly time scales. It also requires accurate information on levee construction details, channel capacities, effects of in-channel vegetation and structures, existing and future land uses, and the environmental benefits associated with floodplain inundation. 
[bookmark: _Toc331594902]Ecosystem Restoration and Ecosystem Services
Ecosystem restoration can include changing the flows in streams and rivers; restoring fish and wildlife habitat; controlling waste discharge into streams, rivers, lakes or reservoirs; or removing barriers in streams and rivers so anadromous fish like salmon and steelhead can reach spawning areas. Ecosystem restoration improves the condition of our modified natural landscapes and biotic communities to provide for the sustainability and for the use and enjoyment of those ecosystems by current and future generations. In many cases, ecosystem restoration activities include economic benefits in the form of ecosystem services, which are economic goods and services derived from natural systems. Scientists are often only able to qualitatively estimate environmental and economic benefits of restoration projects because of scientific uncertainty about both the effects of proposed projects and how species respond to different environmental factors such as water flow and water temperature. In addition, usually only limited historical data is available on ecosystems, their relative health, and how they would respond to management actions.
[bookmark: _Toc331594903]Adapting to Climate Change 
As a result of global climate change, California’s future hydrologic conditions are changing from patterns observed over the past century. There is much scientific uncertainty about how each of the widely varying regions in California will be affected by climate change. Predictions include increased temperatures, reductions to the Sierra snowpack, earlier snowmelt, and a rise in sea level, although the extent and timing of the changes remain uncertain. These changes could have major implications for water supply, flood management, and ecosystem health. (See the climate change adaptation white paper and the climate science white paper in Volume 4 for a discussion of these changes.)
Scientists and engineers require significant improvements in water management information and analytical tools to effectively examine how California’s water management and natural systems can be managed to accommodate or adapt to climate change. A recent article in the San Francisco Estuary & Watershed Science (Dettinger and Culberson 2008) recommends a series of strategic responses to address challenges facing water managers. The following are some of the strategic responses associated with improving the basic science and analysis:
Additional emphasis on long-term monitoring of restoration and resource management activities
Support multidisciplinary, integrated science
Encourage multivariate climate monitoring and modeling
Ensure consistency of observational and analytical methods
Develop and maintain integrated models that include important subsystems
[bookmark: _Toc331594904]Objectives for Informed and Transparent Decision Making — How We Get to Where We Want to Be
Several agencies and institutions are engaged in long-term efforts to improve California’s water management information and analytical capabilities (See Box 6-1 Entities Engaged in Long-Term Technical Improvements for Statewide Water Management). These efforts are focused on detailed models that form the backbone of water management analysis in California. Development of simpler SVP or decision support tools ultimately must be verified against these detailed models. Each of the entities in Box 6-1 has long-term strategic plans for technical improvements for their particular area of responsibility. Missing are the crosscutting actions that transcend the individual efforts to provide widespread integration of water resources information and analysis. 
This section describes several of these currently unmet crosscutting actions that are critical for the long-term improvement of our technical capabilities. DWR worked with SWAN to identify these critical activities to support a long-term vision for integrated water management information and analysis (e.g., the Strategic Analysis Framework envisioned by the California Water and Environmental Modeling Forum [CWEMF] in its 2005 report; see http://www.cwemf.org/ for additional information about CWEMF). Although significant resources are needed to implement them, these activities would greatly enhance the ability of scientists and engineers to support integrated regional water management and decision-making in light of uncertainties. They must be viewed as long-term commitments to improve our technical infrastructure through research, development, and collaboration.
[bookmark: _Toc247611167][bookmark: _Toc331594933]PLACEHOLDER Box 6-1 Entities Engaged in Long-Term Technical 
Improvements for Statewide Water Management
[Any draft tables, figures, and boxes that accompany this text for the advisory committee draft are included at the end of the chapter.]
The sections below describe a number of enhancements needed with respect to three critical pieces of integrated data and analysis:
Linking collaborative processes with technical enhancements
Providing effective analytical tools
Improving and Sharing Information
[bookmark: _Toc331594905]Linking Collaborative Processes with Technical Enhancements — How We Get There
DWR is pursuing the approach and methods of Shared Vision Planning (SVP) in the Water Plan to achieve these technical goals and outcomes:
Achieve better integration and consistency with other planning activities
Obtain consensus on quantitative deliverables,
Build a common conceptual understanding of the water management system
Improve transparency of Water Plan information
SVP integrates tried-and-true planning principles, systems modeling, and collaboration into a practical forum for making water resources management decisions. The term Shared Vision Planning is most closely associated with the US Army Corps of Engineers, Institute for Water Resources which has implemented the approach and methods since the National Drought Study in the 1990s (See www.SharedVisionPlanning.us for additional information). 
SVP addresses the need for broad involvement of decision-makers and stakeholders by actively involving them in the technical analysis. Aside from the intensive and continuous collaboration, what defines SVP is the use of collaboratively developed decision-support tools that help plan formulation and evaluation. These SVP tools are designed to be transparent and easy-to-use and integrate hydrologic simulations with economic, environmental, and other considerations relevant to understanding the water management system. Benefits that result from SVP are a shared understanding and vision of the system, identification of alternatives that are both technically and politically feasible and reduced resistance to implementation of any decisions. 
DWR believes that the SVP approach can be expanded beyond its current emphasis on model building at the watershed scale to the broader concept of improving our technical analysis infrastructure (methods and tools) through greater interactions with stakeholders and decision-makers. Through SVP the needs of stakeholders can inform the development of the analytical tools so that they are more relevant to current and future problems.
[bookmark: _Toc331594906]Providing Effective Analytical Tools — How We Get There
[bookmark: _Toc331594907]Develop a Common Conceptual Understanding of the Water Management System
One of the greatest obstacles to quantifying consensus-based water management strategies is the lack of a common way to clearly and in a concise manner describe the water management system and its complexities. The result is that technical experts, decision-makers, and stakeholders have an extremely difficult time communicating with each other about important features and interdependencies of the water management system. Analytical tools used for complex analyses are too obscure for all but a few people, but decision-makers and stakeholders are often asked to accept results from these complex analyses on faith.
What is needed is a way to conceptually describe the different pieces of the water management system and how the pieces interact with each other. One approach is to use the iterative development process used widely in the software development industry to assist with the development of a conceptual model of the water management system. This iterative approach is based on object-oriented thinking and allows a team to identify and describe the relevant aspects of the real world that should be represented in an analytical tool. The conceptual model will be developed collaboratively to document the requirements of the system and a shared understanding of the water management system. For example, Figure 6-2 shows a conceptual model of the water management system with relationships between its components. Figure 6-3 represents a sample schematic of the water management system from the Water Evaluation and Planning System model (see www.weap21.org). These two figures represent alternative views of the water management system. 
[bookmark: _Toc247611153][bookmark: _Toc331594930]PLACEHOLDER Figure 6-2 Conceptual Model of Water Management System
[Any draft tables, figures, and boxes that accompany this text for the advisory committee draft are included at the end of the chapter.]
[bookmark: _Toc247611154][bookmark: _Toc331594931]PLACEHOLDER Figure 6-3 Sample Schematic of Water Management System
[Any draft tables, figures, and boxes that accompany this text for the advisory committee draft are included at the end of the chapter.]
One method for documenting the products developed through an iterative process uses the Unified Modeling Language, which is a visual modeling language based on standard notation to describe systems in terms of objects, relationships, interactions, sequence diagrams, and state changes. Figure 6-4 shows an example describing the relationships between water users and water providers using Unified Modeling Language standard notation.
[bookmark: _Toc247611155][bookmark: _Toc331594932]PLACEHOLDER Figure 6-4 Example Diagram Using Unified Modeling Language Standard Notation
[Any draft tables, figures, and boxes that accompany this text for the advisory committee draft are included at the end of the chapter.]
[bookmark: _Toc331594908][bookmark: OLE_LINK1][bookmark: OLE_LINK2]Develop Common Schematics of the Water Management System
California’s water system is large and complex and faces multiple challenges including a disconnection on water demand and supply both in space and time. An organized information system is needed that reveals water sources, water supply infrastructure, water needs, water quality, ecosystem functions, flood management, climate change to identify worthwhile water management actions and water system vulnerabilities. It is necessary to create an integrated water resources information system for the state of California, where the connectivity between water sources, water supply infrastructure and water demands are related with their associated data. 
Numerous existing schematics of California’s water management system are used by local, State, and federal agencies to perform water planning studies. These schematics are embedded in several planning models that provide incomplete, overlapping, and often inconsistent representations of California’s water management system. For example models like CALSIM, CALVIN, Water Evaluation and Planning System (WEAP), and Central Valley Project Model (CVPM) represent water management in portions of the Central Valley, but it is difficult to share data between them and determine whether they use information consistently. These models often represent the water management system at a coarse level and may not provide information at the scale needed for planning by a local water agency. Development of common schematics would facilitate a better understanding of California’s water management systems and allow integration with other models and sources of information. A common schematic accompanied by a geodatabase is needed to show the connectivity of California’s water resource systems and to serve as a repository of information where data can be shared among governmental and non-governmental institutions.
[bookmark: _Toc331594909]Establish Modeling Protocols and Standards
The movement toward integrated regional water management has increased the desire and need for integration of water management information and analysis. A critical part of integrated analysis is the development of modeling protocols and standards to allow analytical tools to be linked to each other or used in concert more effectively. This is consistent with the need for standards and protocols for information exchange. CWEMF developed modeling protocols (CWEMF 2000) that need to be updated and implemented by the entities responsible for model development activities. The objective of the CWEMF modeling protocols is to provide guidance to water stakeholders and decision-makers, and their technical staff as models are developed and used to solve California’s water and environmental problems. CWEMF identified the following benefits that would be achieved by California’s water community from adherence to modeling protocols:
Improved development of models
Better documentation of models and modeling studies
Easier professional and public access to models and modeling studies
More easily understood and transparent models and modeling studies
Increased confidence in models and modeling studies.
[bookmark: _Toc331594910]Technical Enhancements to Support the California Water Plan
DWR has initiated several technical enhancements that are more directly relevant to production of the Water Plan than the others described in this chapter because they are improvements to existing procedures used to quantify core Water Plan content described in the Assumptions and Estimates Report (http://www.waterplan.water.ca.gov/cwpu2013/ae). These enhancements have been identified through the Water Plan collaborative processes and by the technical experts conducting the work. It is expected that implementation will occur over many cycles of the Water Plan due to the technical complexity of these activities combined with the limited budget and availability of staff to perform the work. The following is a summary of key Water Plan deliverables with a brief description of the technical enhancements underway. 
[bookmark: _Toc331594911]Water Portfolios
The Water Portfolios are estimates of present water balances of water uses and supplies for each region in California. The Water Portfolios are aggregated to spatial scales unique to the Water Plan including the Detailed Analysis Unit, Planning Area, and Hydrologic Region. Technical enhancements under way will allow this information to be evaluated at boundaries used by water purveyors and regional water management groups. A significant part of this work is to transition from the existing spreadsheet based data storage of the Water Portfolio information to an enterprise data management system that will facilitate sharing of information through the internet. Additional enhancements are underway are to more fully describe the hydrologic cycle components within the Water Portfolios in particular groundwater. 
[bookmark: _Toc331594912]Future Scenarios
The Future Scenarios are part of the Water Plan analysis to evaluate resource management strategy performance for a range of population growth projections, water demand and supply assumptions, and climate uncertainty. Chapter 5 describes the work completed for Update 2013 on the Future Scenarios and provides a summary of the limitations. Future technical enhancements will expand the analysis beyond the Sacramento River, San Joaquin River, and Tulare Lake Regions, and explore ways to quantify flood risk reduction and water quality benefits.
[bookmark: _Toc331594913]Water Sustainability
The Water Sustainability deliverable includes the development and application of an analytical framework for identifying, computing, and evaluating sustainability indicators. Chapter 5 describes the Water Sustainability work completed for Update 2013. Future technical enhancements will expand the number of indicators evaluated, will refine the spatial scale of indicators to focus on regional sustainability, and will improve upon the decision support tool.
[bookmark: _Toc331594914]Finance Decision Support System 
The Update 2013 finance planning framework and recommendations will be based on the best available data, tools, models and subject matter expert opinion. Many technical capabilities will require continued development and refinement in order to increase uniformity, accuracy, quantitative analysis and comparability of information and approaches; advance scientific understanding; and generally reduce uncertainty. A partial list of uncertainties to be addressed in future Water Plan Updates is show below:
Co-dependence of activities
Systemic analysis and optimization
Standardization of methods, information and estimates
Identification of leveraging opportunities, return on/value of investments and diminishing returns
Assigning economic value to environmental assets and services
Avoidance of double counting of costs
[bookmark: _Toc331594915]Improving and Sharing Information — How We Get There
To support integrated water management, institutions should work together to prioritize and align the water information that is collected. Improvements in water information management will make it easier for institutions to report, use, and analyze available information. As relationships between institutions develop, gaps in water management data will become transparent and resources can be allocated to address those data gaps to improve the overall understanding of water in California spatially and temporally. Integration of information should begin the largest users or collectors of water information. DWR has proposed three activities to improve integration of water management information; they are described below. Some initial planning and pilot studies for these activities have occurred, but DWR does not currently have the resources to implement them as proposed.
[bookmark: _Toc331594916]Develop a Strategic Plan to Improve Water Management Information
The strategy to improve water related information should include not only a method to identify and unify institutional data sets, but also clearly state the objectives of unifying data sets and how information exchange can benefit the diverse needs of different institutions. The goal is not to construct a single repository of water management information, but to effectively share the available information across many entities. There are many diverse water needs and uses: supply (both urban and agricultural), quality, land-use, flood protection, environmental water needs, which require specific information to meet the objectives of each institution. It is important for institutions to understand available data, and develop a long-term data management policy that will benefit all institutions involved in water management.
The following steps should be considered when developing a strategic plan for water information:
Identify what information is collected by different institutions involved in water management and determine how they fit together.
Collaborate with custodians of water information to identify mission critical information needs, and focus on the most important areas of information collection and management. 
Identify where there is overlap in information collection and look for areas of institutional collaboration.
Determine the data needs of local water suppliers and water management agencies, what would local water management officials like to see (what should be provided to them from a water management perspective that they do not have access too?)
Have institutions agree on a method of sharing information that contributes to an understanding of local, regional, and statewide water management.
Develop methods for water suppliers to communicate with each other and guide water information management discussions.
[bookmark: _Toc331594917]Integrating Urban Water Management Plans, Integrated Regional Water Management Plans, and the California Water Plan
Urban Water Management Plans and the California Water Plan are required by State law to be updated in five-year cycles. Both plans require significant resources to develop information about current and future water uses and water supplies. Both plans are also used to make significant planning and policy decisions about how and how much to invest in our local and statewide water management systems. Better integration is needed to ensure that both plans are using the best available information so that decision-makers can have confidence in water policy decisions and the public can have confidence in their investments.
[bookmark: _Toc331594918]Water Planning Information Exchange
DWR is building, and plans to maintain, an online information exchange system—called the Water Planning Information Exchange (Water PIE)—to share water management information between State, regional, and local agencies and governments. This type of online information exchange system is being designed to support regional partnerships by providing a common way of developing and sharing information. It will support streamlined development of Integrated Regional Water Management Plans by providing a common vocabulary and basic information needed to develop an effective plan. An information management system such as Water PIE will also enhance the opportunities for collaboration with academic and research institutions by improving access to the most current information throughout the state. A prototype system called the Integrated Water Resources Information System (IWRIS) is operational as the first step for Water PIE (see Box 6-2 IWRIS—A Working Information System).
[bookmark: _Toc247611168][bookmark: _Toc331594934]PLACEHOLDER Box 6-2 IWRIS — A Working Information System
[Any draft tables, figures, and boxes that accompany this text for the advisory committee draft are included at the end of the chapter.]
[bookmark: _Toc331594919]Prioritizing Action for Informed and Transparent Decision Making -Recommendations
[bookmark: _Toc331594920]Recommendations to Link Collaborative Processes with Technical Enhancements
The following process recommendations describe enhancements that can help build confidence behind the technical information used in the Water Plan.
Embrace Shared Vision Planning — DWR should embrace the application of Shared Vision Planning to strengthen the linkage between the technical information developed and the policy relevance of that information.
Clarify role of subject matter experts — DWR should develop guidelines describing the responsibilities of subject matter experts to follow professional standards when developing content for the Water Plan and procedures for responding to comments received.
Clarify role of public process for addressing comments — DWR should develop guidelines for how the Water Plan manages public comments that contradict findings of staff subject matter experts including criteria for forming external expert panels to advise on controversial matters.
Develop criteria for deferring work (“parking lot”) — DWR should develop guidelines for clarifying when lack of consensus on a subject or lack of resources will require deferring content development to a future Update.
[bookmark: _Toc331594921]Recommendations to Provide Effective Analytical Tools
1. DWR should take the lead in developing common water management system schematics at different spatial scales by coordinating with other technical experts and the wide array of local, regional, and statewide water planning entities.
1. DWR should collaboratively develop a shared conceptual model and understanding of the water management system.
1. DWR should support CWEMF or other institutions to develop modeling protocols and standards that provide guidance to water stakeholders and decision-makers, and their technical staff as models are developed and used to solve California’s water and environmental problems.
[bookmark: _Toc331594922]Recommendations to Improve and Share Information 
1. DWR should develop a statewide strategic plan for water information management describing the specific information needed to support water management activities and the institutional arrangements for collecting and maintaining the information. Based on program needs the strategic plan would:
establish standards and protocols for data collection,
identify the optimal location of monitoring stations,
prioritize long-term improvements in the monitoring network, and
Ensure adequate resources for long-term maintenance and accessibility to water management information.
DWR should lead a collaborative effort to explore how information can more effectively be integrated among local, regional, and statewide water planning and management activities. The initial focus of this effort should improve how information produced for Urban Water Management Plans can be used more effectively to support Integrated Regional Water Management Plans and the California Water Plan while streamlining reporting requirements. This initial focus will require looking beyond these plans to consider related activities that collect urban water planning and management information. Other sources of information include:
Local and regional agency water planning and policy studies
DWR and US Bureau of Reclamation modeling studies of the Central Valley water management system operations, the Delta, climate change, and additional surface storage
DWR water portfolios and water supply, demand, and modeling studies
California Energy Commission-sponsored studies of climate change
DWR should develop the Water Planning Information Exchange to share water management information between State, regional, and local agencies and governments.  
· Water PIE should include the information from urban water management plans and California Water Plan water portfolios.
[bookmark: _Toc331594923]Developing New Technology and Other Research and Development Efforts
California is a test bed for technological advancements that are often exported to the world. The Water Plan established the Water Technology Caucus to identify and expand information associated with statewide and regional needs, opportunities and challenges for implementing new technologies in California. This section summarizes the key findings of the Water Technology Caucus about new technologies that may improve the efficacy of information and analysis to support integrated water management.
[Water Technology Caucus Work in Process]
Water Sustainability Decision Support Tool
Making decisions about water sustainability is based on information about natural and human components of water systems. This information can be conveyed so as to improve knowledge in a number of ways. Narrative description of how processes work, or how management improves or degrades sustainability helps to build one type of understanding. Other ways include map-based approaches, showing where opportunities exist to act, charting and graphing approaches, which can show when or how something is changing. A combination of these approaches can contribute to the knowledge base required to make good decisions about sustainability and is the basis of the water sustainability decision support tool (DST) for California, being collaboratively developed by UC Davis, DWR, and U.S. Environmental Protection Agency’s Region 9 office (USEPA).  The DST will include the water sustainability indicators discussed previously. Additionally, the DST will include two indices, ecological footprint and water footprint; and two indicators based on satellite remote-sensing data, the total water and groundwater flux indicator based on the Gravity Recovery and Climate Experiment (GRACE) satellite data and the plant growth indicator of land-cover change.    The purposes for developing the DST include (1) reporting status and trends of social, economic, and ecological condition indicators attributable to water sustainability goals and objectives; (2) visualizing and understanding data and results from the water footprint and water sustainability indicators analyses; and (3) providing policy-relevant planning and implementation information for agency staff and support for public input into planning processes.  The overarching goal is to engage state and local policy-makers, planning decision-makers, planning staff, and interested citizens in a conversation about water sustainability. 
The DST can be accessed at http://indicators.ucdavis.edu. The DST provides information from global resources about sustainability indicators. It gives access to the California Water Sustainability Indicators Framework, a foundational document describing the process of developing sustainability indicators, data collection and analysis, reporting results, and understanding the meaning of results for decision making. It catalogs the indicators proposed for the Water Plan. It gives examples of sustainability indicators evaluated for California. Finally, it provides information about the ecological and water impacts of production and consumption in California, which can contribute to our understanding of how to become more sustainable.
[bookmark: _Toc331594924]Summary	
California needs significant improvements in its analytical tools and data to effectively evaluate the costs, benefits, and tradeoffs of alternative water management strategies and support decision making. These improvements must be done in a way that promotes integrated water management and fosters collaboration. A tremendous amount of work needs to be done to provide the desired quantitative deliverables for future Water Plan updates. This work will have to be done with limited budgets and considerable uncertainty related to the health of the Delta, future climate change, and droughts. This chapter describes some of the critical activities undertaken recently to improve our technical information and identifies several critical activities that must be conducted for the next Water Plan update to continue progress. 
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