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SECTION 1

Introduction

This Technical Reference describes concepts and methods for quantifying benefits or
adverse impacts that could result from water storage projects proposed for the Water
Storage Investment Program (WSIP). The WSIP includes a competitive process by
which the California Water Commission (Commission) will allocate state bond funds to
pay for public benefits associated with water storage projects. According to the statute
authorizing the bonds, which was passed by California voters in November 2014, each
applicant must quantify the public benefits provided by their proposed project to support
their request for bond funding. The statute directs the Commission to “adopt, by
regulation, methods for quantification and management of public benefits” (California
Water Code Section 79754).

At the time this document is being prepared, the Commission has proposed a regulation
that includes quantification principles and performance standards that an applicant must
follow for its project to compete for public funding under this program. Section 6004 of
the proposed regulation describes the process by which without-project conditions, with-
project conditions, and benefits must be quantified in physical values and in monetary
values. The regulation requires that applicants use a provided set of data for future
conditions with climate change and, for some applicants, it requires that they use
specific water system and Delta operations models. Otherwise, the regulation does not
require specific models or analytical methods that must be used by all applicants
because in most cases a range of sound methods could be used, and the most
appropriate method depends on the details of a proposed project (e.g., its location, size,
operational rules, available information and models).

This Technical Reference provides more specific information to applicants about what a
sound analysis of without-project and with-project conditions, benefits, and impacts
should include, describes some models and methods that are appropriate for use with
water storage projects, and provides data and model products that shall be used under
specified conditions.

An acceptable quantification analysis must show how a proposed water storage project
and its operation might affect the relevant physical resources and ultimately the benefits
claimed or impacts that result. This document includes technical sections that,
considered together, provide a range of analytical methods for quantifying benefits and
impacts. This set of methods is intended to allow applicants to select the methods most
appropriate for the location, size, and other parameters of their projects.
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With the exception of the required datasets, an applicant may also select a method not
included in this Technical Reference if the method is scientifically sound and adequately
described and documented in the WSIP funding application. Criteria applicants can use
to select methods, and that reviewers will use to evaluate selected methods, are detailed
in Section 4, Calculating Physical Changes. The use of any method by an applicant,
whether included in this Technical Reference or not, will be assessed for technical
quality of analysis by subject-matter experts during the application review period.

1.1 Framework for Quantifying and Monetizing Project
Benefits

Benefits are desirable changes resulting from a water storage project. They may fall into
one of the five categories of public benefits defined for the WSIP in the Water Code, or
they may be non-public benefits. Quantifying benefits requires estimating how physical
conditions would change with the water storage project relative to the conditions without
the project, and then assigning a monetary value to those changes where possible. This
basic approach is consistent with analysis performed for environmental impact studies,
feasibility studies, and other assessments of prospective projects or activities. Because
the proposed water storage projects do not yet exist, their benefits cannot be measured
at the time WSIP decisions are made — they must be assessed using analytical tools and
models that incorporate best available science. A large number of analytical tools are
described in this Technical Reference.

The framework for quantifying benefits is embodied in Section 6004 of the proposed
regulation. It begins with a clear and quantitative description of conditions without the
proposed water storage project (i.e., the without-project future conditions), covering the
period of time (called the planning horizon) of project construction and operation. The
two future conditions are 2030 and 2070. These two future conditions are required for
quantification and they correspond to climate change projections provided to applicants.
Then conditions with the project implemented (i.e., the with-project future conditions) are
assessed. Analytical tools and models are used to develop both the without- and with-
project future conditions in order to quantify the difference in the two conditions.
Desirable changes are benefits and undesirable changes are impacts.

Expressing the benefits in monetary values is needed in order to calculate the expected
return for public investment. Monetized benefits are also needed to calculate cost shares
for benefit categories that are consistent with and do not exceed the benefits received by
each category, and that meet the WSIP cost share requirements in the Water Code. This
Technical Reference describes how costs must be estimated and displayed and
provides methods for allocating costs among benefit categories. This document also
shows how expected return for public investment is calculated using the quantified net
benefit (monetary value of physical benefit less the unmitigated impact), allocated cost,
and the WSIP funding request. Finally, uncertainty in future conditions, in particular
uncertainty associated with climate change and uncertain hydrologic conditions, must be
considered.
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1.2 Limitations

Analytical methods (i.e., models, data sets, analytical assumptions) potentially suitable
for the WSIP are described in this Technical Reference. The WSIP will only fund water
storage projects that can provide public benefits enumerated in statute, which are
ecosystem improvements, water quality improvements, flood control benefits,
emergency response, and recreational purposes. However, statute requires that
ecosystem improvements are at least 50 percent of the total public benefits funded
under the WSIP (Water Code Section 79756(b)). Therefore it is crucial to accurately
describe and quantify ecosystem benefits.

The methods described in this Technical Reference provide guidance for quantifying the
benefits and impacts of eligible water storage projects. This Technical Reference is not
intended to be a comprehensive guide to quantifying benefits or impacts of every
potential water-related project or other resource allocation determination in the state.

This Technical Reference provides general concepts of analysis, plus some information
on the features, advantages, and drawbacks of a set of methods. The following
limitations apply to this document:

e It provides information on important concepts for quantification methods supporting
public benefits of a water storage project potentially eligible for the WSIP. In addition,
methods for some non-public benefits of water storage projects are provided.

e |tis not a user's manual for how to implement any particular method. With the
exception of provided economic unit values and climate change-related information,
applicants are responsible for determining how to implement the appropriate
methods.

¢ |t describes the concepts that an appropriate quantification method must or should
include, and provides a summary of some specific models that could be useful. It
does not list or describe all possible methods or models.

This Technical Reference describes methods as required, recommended, or suitable.
For any method used, the applicant must describe how it implemented the method,
including data, assumptions, calculations, and sources of information, and provide detail
that allows technical reviewers to assess the overall quality of the analysis.

Required methods (models, data sets, parameter values, or assumptions) are
designated in this document with the phrase “must use” or “shall use.” Relatively few
required methods are included, and they are primarily presented as assumptions or data
for use in the analysis to provide consistency across all applications. Examples of
required datasets are the 2030 and 2070 future condition hydrology datasets provided.
Examples of required parameter values are the discount rate and some cost or benefit
escalation rates. Other requirements include consistency with analyses in an applicant’s
environmental and feasibility analysis, unless justification of differences is provided.

Recommended methods are those that an applicant should use, to the extent the
method is appropriate and applicable to its proposed project. Relatively few methods are
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recommended in all situations. The word “recommended” or the phrase “should use”
indicates a recommended method, often followed by more information on the conditions
under which it is recommended. The applicant may nevertheless use another method if,
for example, the recommended method is not appropriate for its project (e.g., the
method does not quantify the specific benefits produced by the project), or reliable data
are not available to implement the recommended method (e.g., the detail and scope of
data required for the method exceeds the data available). An applicant must justify why
the recommended method is not used.

Other suitable methods are those that might be appropriate and acceptable to use for a
particular project, but no clear preference exists. These types of methods are briefly
described, along with some information on advantages and drawbacks, to help an
applicant decide which method may be most appropriate for its project. An applicant
must justify its use of a particular method.

Finally, this Technical Reference specifies in numerous instances that both benefits
(desirable changes) and impacts (undesirable changes) must be quantified. Two
clarifications are important:

¢ Impacts must be quantified if they are not fully mitigated. If an impact is fully
mitigated, as demonstrated in the environmental documentation or other
documentation, it need not be quantified for purposes of WSIP. If an impact is not
or only partially mitigated, the unmitigated portion must be quantified.

e For brevity, descriptions of quantification methods often only mention benefits
and not impacts. However, in all cases, impacts in each of the benefit categories
must also be quantified.
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Defining the Without-Project Future
Conditions

21 Background

Benefits or impacts of a proposed water storage project are prospective; they occur in
the future as a result of the changes in water-related conditions brought about by the
water storage project. Benefits and impacts are measured as changes by comparing
conditions with the water storage project to conditions without the water storage project
over a consistent future time period. Therefore, defining the water-related conditions
(that is, the characteristics of the natural and human water environment that may be
affected by the water storage project) is critical for establishing the baseline against
which benefits or impacts are measured.

This section presents the conditions that all applicants must include in their descriptions
and quantification of without-project future conditions. These include both specific
conditions that all applicants must include, data products and model products that
certain applicants must use, plus more general principles that applicants must apply to
develop without-project future conditions for their specific project and location. First, this
section describes how applicants determine the appropriate geographic and temporal
scope of their analysis. Then it discusses consistency of an applicant’s analysis of
benefits and impacts with the analysis presented in its environmental impact
assessment. The section also includes a set of physical, regulatory, and socioeconomic
conditions and assumptions that must be used or considered, including sources of
information and references available to the applicant as it prepares its proposal. Finally,
the section includes a discussion of how assumptions, data, and analysis are used to
provide a complete picture of without-project future conditions.

Describing without-project future conditions using existing documents may be
challenging if those documents’ future condition years do not align with the project’s
planning horizon. Existing documentation may also only describe current conditions, so
applicants must project how current conditions may change in the future or verify that
current conditions persist into the future. Applicants may be able to describe future
conditions in terms of general trends of condition, extrapolating and interpolating as
appropriate. In most cases, models will be needed to forecast future conditions in a way
that will ensure consistency between the without-project and with-project conditions.

Descriptions of current and future without-project conditions must provide objective and
justifiable assessments of the water-related resources. Applicants must not understate
or overstate current or future conditions to exaggerate or otherwise misrepresent
claimed benefits.
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SECTION 2 — DEFINING THE WITHOUT-PROJECT FUTURE CONDITIONS

2.2 Study Area

The applicant’s analysis of without-project future conditions must include any
watershed(s) or region(s) that affect or are affected by the proposed project. Applicants
must use a study area that encompasses, at a minimum, the immediate vicinity of the
project, including the boundary of the applicable sub-watershed or groundwater sub-
basin.

Physical changes caused or created by a proposed project are likely to extend beyond
the immediate vicinity of the project and beyond the local watershed. Physical changes
caused by the project may have effects throughout the state water system via interaction
with other facilities, water uses, regulatory requirements, and other environmental
conditions.

Potential interactions may require an applicant to expand the study area to include:

* The watershed/region in which the proposed project is located or to which it is
connected (including reaches/areas upstream)

* Neighboring watersheds/regions where changes could occur at or near existing or
proposed interconnections

¢ Downstream watersheds/regions where changes could occur

+ Watersheds/regions that are tributary to the watershed/region, where changes could
occur

To document and justify benefits claimed outside of the immediate vicinity of the project,
the analysis study area should be extended to encompass those areas that may be
affected by the construction and operation of the proposed project. For example, if the
re-operation of a reservoir affects flows to the Sacramento-San Joaquin Delta (Delta),
the Delta shall be included in the analysis’ study area. Potential changes in operations
and management of the Delta or Delta facilities will require an applicant to expand the
study area to include the Delta watershed/region. Similarly, potential changes in State
Water Project (SWP) and Central Valley Project (CVP) operations, including those on
the Trinity, Sacramento, Feather, American, Stanislaus, and San Joaquin rivers, will
require an applicant to expand the study area for analysis to include these
watersheds/regions.

2.3 Planning Horizon

The applicant’s analysis must quantify public benefits and impacts over the expected
future life of the project. Feasibility-level project analysis compares without-project and
with-project conditions in the future, using forecasts or projections of future development
and natural resource conditions. The analysis compares the physical and economic
metrics between the with- and without-project future conditions over an entire planning
horizon. The planning horizon defines the duration of this comparison period.
Conceptually, the planning horizon includes the construction and operations period —
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essentially the period over which costs are incurred and benefits and impacts are
generated. The operations period is also called the expected life of the project.

For practical reasons, the planning horizon is normally limited to no more than 100
years. Beyond 100 years, benefits and costs are highly uncertain, and with discounting,
the present value of monetized benefits becomes small. Therefore, the planning horizon
may not exceed the expected life of the project facilities plus the construction period, or
100 years, whichever is less.

Analyses conducted for the WSIP must, at a minimum, include without- and with-project
future conditions at 2030 and 2070, if the project planning horizon extends to 2070 or
beyond. In addition, the relative environmental value for ecosystem and water quality
improvements requires an assessment of current conditions for those resources (see
sections 4.7 and 4.8). The analyses can also include projected conditions for any other
year determined by the applicant where conditions in the study area are expected to
change and may influence the proposed project’s operations, facilities, or potential
benefits.

2.4 California Environmental Quality Act (CEQA)
Considerations

Water Code Section 79755(a)(5)(C) requires that environmental documentation
associated with a proposed project approved for WSIP funding be completed prior to
allocation of funds. In addition, a project is not eligible for funding unless draft
environmental documentation is available for public review. All projects proposed for
funding must comply with CEQA. Projects that require federal action may also have
impact analysis that satisfies the National Environmental Policy Act (NEPA). However,
NEPA considerations are not discussed here because they do not apply to all projects.

The without-project condition for the WSIP serves an analogous purpose to the No
Project Alternative used for CEQA. It provides a reference set of conditions against
which to measure changes resulting from a project. However, the potential variety of
project types, stages of development, locations, and potential benefits make it unlikely
that any one CEQA No Project Alternative will be consistently defined and evaluated
across all projects. Further, CEQA analysis focuses on significant environmental effects
of a proposed project [for more information, see the CEQA Guidelines in the California
Code of Regulations, Title 14, Section 15126.2(a)]. Therefore, CEQA analyses include a
much broader set of impact categories, such as air quality, traffic, or cultural resources,
than are needed to quantify the water-related benefits or impacts in an application for the
WSIP. CEQA No Project conditions therefore include descriptions and assumptions that
allow analysis of this broad range of impact categories. The WSIP analysis need not
include quantification of all changes and impacts identified in the CEQA analysis.
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In contrast, water-related benefits provided by a project need not be analyzed in great
detail for CEQA compliance, whereas they are the primary focus of the analysis and
quantification for the WSIP. Water-related benefits include changes in any of the five
defined public benefits and changes in non-public benefits provided by the project such
as water supply and hydropower. A broader set of water-related, without-project
conditions must be specified to quantify those benefits.

The CEQA Guidelines, as defined in Title 14 of the California Code of Regulations in
Section 15125(a), require an environmental impact report to include a description of
existing conditions, which are the physical environmental conditions in the vicinity of the
project as they exist at the time the Notice of Preparation is published, or if no Notice of
Preparation is published, at the time environmental analysis begins, from both a local
and regional perspective. This demarcation date for the CEQA existing conditions is
unlikely to be consistent across all applications.

The CEQA Guidelines, as defined in Title 14 of the California Code of Regulations
Section 15126.6(e)(2), state that the No Project Alternative includes reasonably
foreseeable changes in the existing conditions and changes that would be reasonably
expected to occur in the foreseeable future if the proposed project were not
implemented, based on current plans and consistent with available infrastructure and
community services. The criteria for determining foreseeable changes used for CEQA
are unlikely to be consistent across applications. Without-project conditions for purposes
of WSIP benefits analysis must also include reasonably foreseeable future conditions.

CEQA requires that direct, indirect, and cumulative impacts of proposed projects be
assessed against a baseline which normally consists of existing conditions —

meaning those conditions existing at the time the Notice of Preparation is filed. CEQA
also allows the use of a future hypothetical baseline. However, for purposes of WSIP,
projections of future conditions that include climate change and sea level rise are
required for purposes of applicant submission to allow comparisons of monetized values
of public benefits among competing projects. The same climate change and sea level
rise assumptions are required for all proposed projects to allow this comparison, and the
resulting values allow for an approximation of how climate change and sea level rise
may affect project benefits in the future.

Table 2-1 summarizes the similarities and differences between an applicant's CEQA
analysis of environmental impacts of a proposed project and its analysis of the water-
related benefits and impacts under the WSIP. Applicants must disclose any differences
between their CEQA No Project Alternative and the without-project condition provided
for the WSIP application when such differences exist.
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Table 2-1. Comparison of CEQA Analysis to WSIP Benefits Analysis.
Subject CEQA Impact Analysis WSIP Benefits Analysis
Study area Must include areas of potentially Must incorporate locations of water-related

significant direct and indirect impacts

benefits or impacts

Project benefits

Analysis of benefits not required except if
needed to determine environmental
impacts and their significance

Quantification of water-related benefits over
the planning horizon required to the extent
possible

Project impacts

Consider all potential impacts on the
physical environment

Quantify all impacts on water-related benefit
categories, so that net benefits can be
assessed

Demarcation date for
existing or current
conditions

Notice of Preparation date or when
environmental analysis starts

Same as CEQA existing condition.

Future condition year(s)

Varies by project

2030 and 2070, at a minimum, if within
planning horizon

No project/without-
project conditions

Conditions reasonably expected to occur
in the foreseeable future if the project
were not approved, based on current
plans and consistent with available
infrastructure and community services.

Same as for CEQA, with any additional
specific information or forecasts needed to
quantify water-related benefits or impacts at
the future condition years.




SECTION 2 — DEFINING THE WITHOUT-PROJECT FUTURE CONDITIONS

* Level of development, including population, land use, water demands, water rights,
and water contracts at specific points in time (i.e., 2030 and 2070)

¢ Climate and sea-level conditions
e Standards, regulations, decisions, and permits (i.e., limits, thresholds, and priorities)

* Facilities operations criteria, operations agreements, and other laws, regulations, and
policies governing operations

Where future conditions are not specified by required data products or model products,
applicants shall use the current condition as the reference point for defining or projecting
future conditions. Current condition is the existing condition for the CEQA environmental
documentation, though applicants may need to include additional information to provide
a basis for assessing benefits and impacts. Future condition years shall be 2030, 2070,
and, if determined by the applicant, any other year prior to 2070 where conditions in the
study area are expected to change and may influence the proposed project’s operations,
facilities, or potential benefits.

2.6.1 Watershed Operations

Applicants must demonstrate substantial knowledge of the facilities and operations in the
watersheds influenced by the proposed project and incorporate that knowledge into their
description of without-project future conditions. In addition, a detailed understanding is
required of the criteria that govern diversion, storage, flow, and management of water for
the local watershed and region.

Table 2-2 lists potential sources of information and references available to help
applicants prepare their descriptions of without-project future conditions for the water
resources system. Information derived from sources in the Table are supplemental to,
and cannot replace, data provided in the 2030 and 2070 future condition data and model
products. The list is not comprehensive, and applicants are responsible for identifying
the most appropriate information to support their analysis. The sources of information
listed are in the public domain and have been compiled and made accessible by
agencies or other organizations as shown, possibly excepting some information held by
local agencies.

Table 2-2.  Example Sources of Information for Defining the Without-Project Future
Conditions of the Water Resources System.

Source of Reference Documents and Web Pages
Information
Local and ¢ Individual agencies may provide, via website or direct request, descriptions of facilities and
Regional operations and information on current and future demands. They may also provide useful
Agencies information in water management plans, permitting and licensing studies, and environmental
assessments.
+ Water Resources Collections and Archives at the University of California at Riverside:
http://library.ucr.edu/wrca/grants/districts.html.
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Table 2-2.  Example Sources of Information for Defining the Without-Project Future
Conditions of the Water Resources System.
Source of Reference Documents and Web Pages
Information
California ¢ California Data Exchange Center. Current reservoir and riverine conditions, and future scheduled
Department releases in California: http://cdec.water.ca.gov/
of Water » Database of SWP contracts and maximum allocations: DWR Bulletin 132:
Resources http://www.water.ca.gov/swpao/bulletin_home.cfm
(DWR) « State Water Project Analysis Office webpage (contract amounts): http://www.water.ca.gov/swpao
¢ Listing of dams, including capacity, area, drainage area, crest elevation and length, and dam
height: http://www.water.ca.gov/damsafety/
damlisting/index.cfm
* 2015 State Water Project Delivery Capability Report: https://msb.water.ca.gov/
documents/86800/293731/Appendices2015DCR_20150427.pdf?version=1.0
¢ Listing of groundwater basins and approximate capacities:
http://www.water.ca.gov/groundwater/bulletin118/index.cfm
¢ Existing flood management systems and practices
Bureau of ¢ Projects and facilities database of Reclamation facilities. Provides dam characteristics and
Reclamation hydraulic and hydrologic information for the reservoir. Also includes Reclamation projects like the
(Reclamation) Central Valley Project: http://www.usbr.gov/projects
¢ Central Valley Project Improvement Act provisions affecting the operation of the Central Valley
Project: http://www.usbr.gov/mp/cvpia/
¢ Operations Criteria and Plan Biological Assessment: http://www.usbr.gov/mp/cvo/ocap_page.html
¢ Coordinated Long-Term Operation of the CVP and SWP, Final Environmental Impact Statement:
http://www.usbr.gov/mp/BayDeltaOffice/coordinated-long-term.htmi
U.S. Army ¢ Monthly, daily, and hourly reservoir conditions for Central Valley reservoirs; flood storage rule
Corps of curves; existing levee systems, other data: http://www.spk-wc.usace.army.mil/
Engineers
(USACE)
State Water ¢ Adopted water rights decisions: http://www.swrcb.ca.gov/waterrights/
Resources board_decisions/adopted_orders/decisions/
Control Board | « Adopted orders: http://www.swrcb.ca.gov/waterrights/
(State Water board_decisions/adopted_orders/orders/
Board) ¢ Surface Water Ambient Monitoring Program:
http://www.waterboards.ca.gov/water_issues/programs/swamp/
¢ Groundwater Ambient Monitoring Program:
http://www.waterboards.ca.gov/gama/
¢ 2012 California Integrated Report:
http://www.waterboards.ca.gov/water_issues/programs/tmdl/integrated2012.shtml
Federal ¢ Search engine for documents, testimony, and other information related to FERC hydroelectric
Energy licenses or other activities: http://elibrary.ferc.gov/idmws/search/fercgensearch.asp
Regulatory
Commission
(FERC)

The Commission will provide 2030 and 2070 climate and sea-level conditions for
applicants to use in their water operations analysis of future conditions. In addition, the
WSIP will provide without-project CalSim |l modeling runs incorporating 2030 and 2070
climate and sea-level conditions to support the applicants’ analysis of future water
operations. Applicants must use these conditions for their project analyses.
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2.6.2 Delta Operations

Water operations in the Delta are governed by required actions and policies related to
water quality criteria identified by the State Water Resources Control Board (State Water
Board), federal Endangered Species Act (ESA) reasonable and prudent alternative
(RPA) actions identified in the December 2008 U.S. Fish and Wildlife Service (USFWS)
Biological Opinion and the June 2009 National Marine Fisheries Service (NMFS)
Biological Opinion, and California Endangered Species Act (CESA) authorizations. Any
analysis of a proposed water storage project that includes Delta operations (e.g., to
demonstrate measurable ecosystem improvements to the Delta) must consider these
required actions.

Applicants are required to include, if applicable to the analysis of a proposed water
storage project, all required operations related to the Delta, the Biological Opinions, and
the CVP and SWP as summarized below and in Table 2-3. If an applicant determines
that the required operations do not apply to the analysis of a proposed project, it must
explain why. Key water quality and water rights decisions and Biological Opinions
affecting Delta operations include:
o State Water Board, Water Rights Decision 1641 (State Water Board, 1999)

— San Joaquin River at Vernalis — Minimum flow

— San Joaquin River at Vernalis — Maximum salinity

— Lower Sacramento River at Rio Vista — Minimum flow

— Delta Outflow Index — Minimum flow

— Delta Outflow Index — Maximum salinity — Emmaton, Jersey Point, Rock
Slough, Collinsville, and Chipps Island

— Delta Outflow Index — Spring X2 position
— Delta Cross Channel — Gate operation
— South Delta Intakes — Maximum Delta exports
« USFWS Biological Opinion (USFWS, 2008) RPA actions:
— Combined flow in Old and Middle rivers — Minimum flow (Actions 1 through 3)
— Delta Outflow Index — Fall X2 position (Action 4)

— Head of Old River — Barrier operation (Action 5)
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* NMFS Biological Opinion (NMFS, 2009) RPA actions:
— Clear Creek below Whiskeytown Dam — Minimum flow (Action 1.1.1)
— Red Bluff Diversion Dam — Operated with gates out all year (Action 1.3.1)
— Shasta Lake — Minimum end-of-September storage (Action 1.2.1)
— Sacramento River Below Keswick Dam — Minimum flow (Action 1.2.2)

— Sacramento River at Wilkins Slough — Flow objective for navigation (Action
1.4)

— American River Below Nimbus Dam — Minimum flow — American River Flow
Management proposal (Action 11.1)

— Stanislaus River Below Goodwin Dam — Minimum flow (Actions 111.1.2 and
11.1.3)

— Delta Cross Channel — Gate operation — additional days closed from Oct 1 —
Jan 31 (Action IV.1.2)

— South Delta Intakes — Maximum Delta exports Apr 1 — May 31 (Action IV.2.1)
— Combined Flow in Old and Middle rivers — Minimum flow (Action 1V.2.3)

These requirements are reflected in the without-project CalSim Il modeling runs
incorporating 2030 and 2070 climate and sea-level conditions provided in section 2.12
and Appendix A.

Applicants must use the data and model products described in section 2.12 and
Appendix A for their project analyses, except that

1. Flood control benefits using hydrologic and hydraulic modeling of future flood events
may utilize modeling provided in their feasibility studies, or modeling using historical
flood events or historical hydrology with a comparison to future climate and sea level
conditions.

2. Applicants not proposing CALFED surface storage projects, as defined in section
6001(a)(10) or not requesting funding for quantified benefits within the Delta or
resulting from Delta improvements are not required to use the Appendix A model
products for their project analyses.

3. If the model products provided do not adequately describe the without-project future
conditions relevant to the project, applicants may also use other tools or models to
complete the description of the without-project future conditions.

It should be noted that inclusion of the RPA actions in the without-project condition does
not imply that the objectives of the RPA are fully met under all hydrologic and
operational conditions. The water resources system is currently operated to achieve the
objectives of the RPA to the extent possible with the facilities and operational policies in
place based on an assessment of resource conditions, subject to the discretion of SWP
and CVP operators in consultation with the regulatory agencies and stakeholders.
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2.6.3 SWP and CVP Operations

The SWP has facilities in the Feather River watershed and the Delta. The CVP has
facilities in the Trinity, Sacramento, American, Stanislaus, and San Joaquin River
watersheds and the Delta. SWP and CVP facilities operate under the requirements of
State Water Board Water Right Decision 1641 (State Water Board, 1999), the USFWS
Biological Opinion (USFWS, 2008), the NMFS Biological Opinion (NMFS, 2009), State
Water Board Water Rights Orders 90-05 and 91-01 (State Water Board, 1990, 1991),
and the February 2009 Longfin Smelt Incidental Take Permit for operations of the SWP
in the Delta (California Department of Fish and Wildlife [CDFW], 2009), among other
standards, regulations, decisions, permits, agreements, and policies. The SWP and CVP
Trinity, Sacramento, Feather and American River and Delta facilities operations are
coordinated under the 1986 Coordinated Operations Agreement (COA) (Reclamation
and DWR, 1986).

If applicable to the analysis of a proposed project, operations related to the Delta,
Biological Opinions and CESA authorizations, and SWP and CVP contracts and
agreements must be incorporated in the analyses provided by applicants. Table 2-3
summarizes operational requirements and criteria of the SWP and CVP. Some of these
derive directly from water rights decisions and Biological Opinions described above.
Others implement water rights agreements, contract terms, and other agreements
governing operation of the SWP and CVP. If an applicant determines that the required
operations are not applicable to the analysis of a proposed project, it must explain why.

These operational requirements and criteria are reflected in the without-project CalSim |l
model products incorporating 2030 and 2070 climate and sea-level conditions provided
in section 2.12 and Appendix A. Any technical adjustments to the CalSim Il model code
for the 2030 without-project and 2070 without-project future conditions due to project-
specific complexities or unique conditions must be documented and justified. Technical
adjustments to the CalSim Il model code shall be limited to modifications needed to
complete the description of the proposed project and depiction of public and non-public
benefits. Adjustments made to the without-project future conditions must also be
included in the with-project future conditions and must be justified as requirements for
the analysis of the proposed project. Regulatory requirements, agreements, and
operations criteria of the SWP and CVP in the CalSim Il model code for the 2030
without-project and 2070 without-project future conditions shall not be modified.

It is recognized that under future climate conditions, in some of the dry and critical years,
CalSim Il results may show water levels in the SWP/CVP system reservoirs below the
lowest release outlets, making the system vulnerable to operational interruptions where
regulatory requirements may not be met. It is recognized that these operational
conditions may be unrealistic since uncertainty grows as conditions are estimated further
into the future. Uncertainties such as land use, water use, technological innovation,
regulations, and economic values will have an effect that cannot be accurately

predicted. The applicant may assume adaptive management techniques to capture
these scenarios based on the comparison of with- and without-project conditions, if
appropriate.
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Table 2-3. Key Contracts and Agreements Affecting Operations of the SWP and CVP.
Contract/Agreement Relationship of Contract/Agreement to SWP, CVP Operations
SWP Water Supply and | Settlement contracts in the Feather River Service Area: Deliveries and other operational

Feather River
Settlement Contracts
and Allocation Criteria

criteria vary by contract.

Agricultural and Municipal and Industrial (M&l) water supply contracts: Annual delivery
depends on supply; Monterey Agreement established equal prioritization between
agriculture and M&I; South-of-Delta allocations are additionally limited due to State Water
Board Water Right Decision 1641 and USFWS Biological Opinion (USFWS, 2008) and
NMEFS Biological Opinion (NMFS, 2009) export restrictions; includes Monterey Agreement
turn-back provisions and Article 56 contractor carryover.

Monterey Agreement Article 21 interruptible water is available to contractors when San
Luis Reservoir is full. Amount available is based on Delta excess flows, export capacity,
and conveyance capacity.

CVP Water Service,
Sacramento River
Settlement, and San
Joaquin River
Exchange Contracts
and Allocation Criteria

Settlement and Exchange contractors are entitled to receive full contract delivery, except in
Shasta critical years when Settlement contractors receive 75 percent and Exchange
contractors receive 77 percent

National Wildlife Refuges receive 100 percent of Firm Level 2 delivery, except in Shasta
critical years when they receive 75 percent

M&I Water Service —Delivery ranges between 50 and 100 percent of contract quantity
based on supply. South-of-Delta allocations are additionally limited due to State Water
Board Water Right Decision 1641, USFWS Biological Opinion (USFWS, 2008), and NMFS
Biological Opinion (NMFS, 2009) export restrictions.

Agricultural (Irrigation) Water Service — Delivery ranges between 0 and 100 percent based
on supply. South-of-Delta allocations are additionally limited due to State Water Board
Water Right Decision 1641, USFWS Biological Opinion (Dec 2008), and NMFS Biological
Opinion (June 2009) export restrictions

SWP-CVP Coordinated
Operations

The 1986 COA determines the projects’ share of responsibility for in-basin-use (i.e.,
Freeport Regional Water Project East Bay Municipal Utility District and two thirds of the
North Bay Aqueduct diversions considered as Delta Export; one third of the North Bay
Aqueduct diversion as in-basin-use).

The 1986 COA determines how the projects share surplus flows

SWP-CVP Sharing of
Allowable Export
Capacity

The projects share equally in export capacity for project-specific priority pumping under
State Water Board Water Right Decision 1641, USFWS Biological Opinion (USFWS,
2008), and NMFS Biological Opinion (NMFS, 2009) export restrictions.

The projects share export capacity for lesser priority and wheeling-related pumping,
including Cross Valley Canal wheeling (at a maximum of 128 thousand acre-feet
[TAF]/year). The CALFED Bay Delta Program (CALFED) Record of Decision defined the
Joint Point of Diversion.

Use of Export Capacity
for Conveyance of

Monterey Agreement Article 55 provides SWP contractors the priority use of Banks
Pumping Plant capacity for water transfers.

Water Transfers
Lower Yuba River Accord: Acquisitions of Component | are used to reduce impact of
NMFS Biological Opinion export restrictions on SWP; acquisitions for SWP contractors are
wheeled at priority in Banks Pumping Plant over non-SWP users.

Trinity River Trinity River Mainstem Fishery Restoration EIS/EIR preferred alternative sets minimum

Mainstream Fishery
Restoration Record of
Decision

flow below Lewiston Dam ranging from 369 to 815 TAF/year (U.S. Department of the
Interior, 2000).
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2.6.4 Other Surface Water and Groundwater Conditions and
Management

Applicants must describe other surface water and groundwater conditions and
management activities that may affect the quantified benefits or impacts of the proposed
water storage project. Conditions must be consistent with information and management
activities presented in the environmental documentation for the proposed project and
with applicable local plans, including agricultural and urban water management plans
and groundwater management plans. Section 4.3, Surface Water Operations Analysis,
and Section 4.4, Groundwater Analysis, include additional information and references
that applicants can use to develop descriptions of without-project conditions.

For without-project future conditions, applicants must also rely on projections based on
modeling, trend analysis, or other methods. Known projects and requirements that may
not exist under current conditions must also be included. For example, applicants must
consider the effect of full implementation of the Sustainable Groundwater Management
Act (SGMA) on future conditions in their study area. An applicant’s planning horizon
analysis shall assume that full implementation is in effect by the dates specified in
SGMA unless the local groundwater management agencies have adopted a
groundwater sustainability plan (GSP) that requires full implementation sooner.

SGMA implementation is occurring concurrently with the writing of this document. At the
time that WSIP applications are developed, the specific groundwater management
actions and numerical sustainable yield targets will not be known. Applicants should
strive to use analysis, data, and management assumptions that they expect will be
reasonably consistent with SGMA’s requirements, its implementing regulations, and the
study area’s GSP. Applicants must provide and justify a best estimate of the future effect
of SGMA implementation. Uncertainty associated with this estimate may be evaluated
using sensitivity analysis as described in Section 10, Evaluating Sources of Uncertainty.

2.7 Socioeconomic Conditions

Applicants must define future demographic and economic conditions to the extent
needed to quantify benefits or impacts. Physical and/or monetized benefits and impacts
clearly depend on future population, land use, and water demands served by or affected
by a project. Applicants need not include in their analysis socioeconomic characteristics
that do not affect physical or monetized water-related benefits or impacts, even if such
characteristics are relevant to and included in the CEQA impact analysis. Examples
include age distribution, employment, and income distribution within an area receiving
water-related benefits or impacts.
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2.7.1 Future Population Levels

Future population levels are needed to estimate future M&l water demand levels and
may be relevant for quantifying benefits or impacts of ecosystem improvements, water
quality improvement, flood control, emergency response, and recreation.

The California Department of Finance (DOF) (DOF, 2016a) provides online access to its
most recent population forecasts for California counties, cities, and designated census
places. Where future population levels are relevant to benefits calculations, the applicant
shall use the most recent population forecasts from DOF or that are derived from and
consistent with the most recent DOF population projections.

DOF forecasts are available through 2060. For years beyond 2060 the average annual
growth rate between 2050 and 2060 should be assumed unless other estimates
provided by a local planning agency have been developed and published. Other
published, well-documented population forecasts can also be used, including from Urban
Water Management Plans (UWMPs) or local general plans, if they are consistent with
DOF projections.

2.7.2 Future Land Use

Future land use should be based on existing, published documents whenever possible,
including local general plans, agricultural water management plans, UWMPs, and the
California Water Plan Update. Land use projections should, to the extent possible, be
consistent across the models or analyses used to quantify benefits and impacts.
Applicants must describe the methods used to modify land uses and projections if
necessary to conform them to a proposed project’s study area.

2.7.3 Future M&l Water Demand Levels

Existing demand forecasts are provided for a large portion of California’s urban water
use through the water suppliers’ UWMPs. These plans are developed by individual water
suppliers at 5-year intervals, with 2015 UWMPs the most recent available at the time of
WSIP applications. The UWMPs also provide information about future availability of local
water supplies, which, combined with demand projections, indicate future need for
additional water supplies.

Where M&l water demands are needed to quantify public or non-public benefits, M&l
water demands levels should be consistent with UWMPs where they exist, and with
population forecasts otherwise. Urban water demands shall meet the required

20 percent per capita reduction target by 2020. Applicants shall calculate water
demands projected beyond the years in UWMPs as the product of the 2020 average
gallons per capita per day, including all urban water use sectors, estimated in the UWMP
and the population forecast.
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2.8 Ecosystem Conditions

Without-project future conditions for ecosystem resources must include characteristics of
habitats and species that are included in project benefits or impacts. These include the
abundance, distribution, and condition of species and populations, ecological
associations, habitats, and physical processes that create or contribute to these
conditions (e.g., hydrogeomorphic flows) in the study area. The project’'s CEQA (and
NEPA, if applicable) document resource areas that should inform the description of
ecosystem condition primarily include biological resources (terrestrial and aquatic), water
resources, and water quality. Other CEQA resources areas that may influence
ecosystem conditions to a lesser extent or indirectly may include land use, hazards and
hazardous materials, agricultural resources, soils and geology, noise, and air quality.

The project’s environmental document and feasibility study should be the primary
information source for assessing ecosystem conditions, but other sources of information
may include other, more recently prepared environmental documents (generally defined
as those prepared within the last 5 years of the WSIP application) whose project
footprints or impact areas overlap a proposed WSIP project’s study area. Similarly,
recently-prepared Habitat Conservation Plans or species Recovery Plans may provide
information for current and future without-project conditions. An example might include a
future land acquisition and management plan required under a Habitat Conservation
Plan for the benefit of ESA-listed species. Such existing and future conditions would be
reasonably certain to occur, so the benefits of implementing a Habitat Conservation Plan
would form part of the without-project future condition against which future WSIP
benefits and impacts would be assessed.

Environmental permits for existing projects also provide useful information for describing
without-project future conditions. Such permits often include long-term implementation
schedules and commonly include monitoring, reporting, and management protocols.
Reports prepared to satisfy permit requirements may describe resource trends over
time, including target conditions at some future time. Permit implementation reports may
be developed or held by local land planning entities (cities, counties), non-profit land
trusts, state agencies (e.g., CDFW or the California Coastal Commission), and federal
agencies that regulate species or habitats (e.g., USFWS, NMFS, and USACE).
Documents describing activities and resulting conditions realized under environmental
permitting should be reviewed if publically available.

2.9 Water Quality Conditions

Similar to ecosystem conditions, a proposed project’s environmental document and
feasibility study should provide information for describing without-project future water
quality conditions. Waste Discharge Requirements and other orders issued by the State
Water Board are additional sources of information for describing future water quality
conditions. Additional information sources are described in Section 4.8, Water Quality
Analysis, and in the references to that section.
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2.10 Other Resource Conditions

A proposed project’s environmental document and feasibility study should provide the
primary information for describing without-project future conditions for most other
resource conditions. However, information to describe without-project future conditions
affecting recreation, flood control conditions, and emergency response conditions may
not be included in the project’s environmental documents. CEQA Guidelines do not
specifically require analysis of these resource areas unless they are identified as being
potentially affected.

Applicants should also draw information from the proposed project’s feasibility study to
describe and quantify where possible the effects that the project is expected to have on
other benefit categories and other resource conditions. Later sections in this document
describe the sources of information, metrics, methods that applicants must use or may
use to quantify benefits in both physical and monetary terms. The information sources
described in these later sections provide the basis for without-project future conditions in
cases where neither the environmental document nor the feasibility study provides the
information.

2.11 Observed and Simulated Without-Project
Conditions

A complete description and quantification of without-project future conditions requires a
combination of assumptions, data, and analysis. Most of the information presented in
this section focuses on assumptions and data, but the actual description and
quantification of 2030 and 2070 future conditions require analysis, including modeling.

Section 2.12 describes the climate change and sea level rise conditions that applicants
must use. Methods and processes for combining assumptions, data, and analysis are
described in Section 4. These methods must be consistently applied to both without-
project and with-project future conditions to quantify benefits and impacts.

2.12 Climate Change and Sea-Level Rise

2.12.1 Introduction

Climate change is required in the quantification of public benefits of water storage
projects to comply with Executive Order B-30-15 (2015) and Assembly Bill 1482 (2015),
which require state agencies to account for climate change in project planning and
investment decisions.
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Climate projections, and rainfall-runoff modeling (using variable infiltration capacity
[VIC]), and sea-level rise, SWP and CVP operations modeling (using CalSim Il), and
Delta hydrodynamic modeling (using DSM2) and related datasets have been developed
for use by the WSIP applicants to analyze their proposed projects as required for
consideration by the Commission. This section presents information on:

¢ Description of the 2030 future and 2070 future climate projections
¢ Development of models and datasets

¢ Use of models and datasets by applicants

The climate projections include datasets of temperature, precipitation, potential
evaporation, and potential runoff derived for California. All applicants shall use these
climate projections for the detailed analysis of their proposed projects. In addition,
applicants identified in section 6004(a)(1)(E) of the regulation must use the CalSim Il
and DSM2 model products provided to analyze interactions of the proposed water
storage projects with the SWP, CVP, and Delta. Methods used to develop these
products are presented in Appendix A. Applicants shall use these same methods if the
products need to be extended or modified to complete the analysis required for their
projects. Additional methods may be used by the applicant if justified and documented.

2.12.2 2030 Future and 2070 Future Climate Projections

2.12.2.1 Description of Projections

Applicants are required to analyze their proposed projects using projections that
represent the change in future climate and sea-level conditions for California at two
reference points to demonstrate the project’s ability to provide public benefits under both
“near-future” and “late-future” conditions. The 2030 (near-future) reference point
captures climate conditions for the 30-year period surrounding 2030 (2016 to 2045), and
the 2070 (late-future) reference point captures climate conditions for the 30-year period
surrounding 2070 (2056 to 2085).

For each projection, the following datasets are provided:

* Temperature, precipitation, evaporation, and potential runoff for 1/16th degree
(approximately 6 kilometers [km], or approximately 3.75 miles) spatial resolution
derived for California for a time series of 96 water years. This 96-year time series
was developed by adjusting the historical observed conditions (1915 through 2011)
with the amount of climate change expected to occur at the reference climate period
i.e., 2030 or 2070. (See Appendix A Climate Change and Sea-Level Rise for
additional information).
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e Variable infiltration capacity (VIC), CalSim II, and DSM2 model simulations of
storage, flows, and diversions for the major tributaries of the Central Valley and Delta
flows and salinity conditions for a time series of 82 water years. This 82-year time
series was developed using historical water years 1922 through 2003 with
climatologic and hydrologic conditions adjusted for the reference climate period (i.e.,
2030 or 2070). (See Appendix A Climate Change and Sea-Level Rise for additional
information).

These products are available on the California Water Commission Website at:
https://cwc.ca.gov/Pages/QuantificationRulemaking.aspx.

These products are also available on DVD-ROM by request.

The amount of change in precipitation and temperature varies by region throughout
California as shown in Table 2-4, according to the regions shown on Figure 2-1.
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Table 2-4. Projected Changes in Climate Conditions for 2030 and 2070 Future
Conditions with Respect to the 1995 Reference
Basin 2030 Future 2070 Future

Number Watershed Name Average Average Average Average
(USGS HUC-6; Precipitation | Temperature | Precipitation | Temperature

Figure 2-1) Change (%) Change Change (%) Change
(degrees F) (degrees F)
Statewide
Statewide (all watersheds in figure) 2.9% 24 5.3% 54
Central Valley Regions

Central Valley 3.2% 2.6 5.6% 5.9

(watersheds 8, 9, 10 and 11)

8 Upper Sacramento 3.4% 2.5 5.9% 5.7

9 Lower Sacramento 3.8% 24 7.0% 5.3

10 San Joaquin 3.1% 24 5.2% 5.4

11 Tulare-Buena Vista Lakes 1.8% 2.3 2.6% 5.2

Other Regions

1 Klamath 3.2% 25 5.1% 5.6

2 Northern California Coastal 3.7% 2.0 7.5% 4.7

3 San Francisco Bay 4.6% 2.0 10.2% 4.6

4 Central California Coastal 2.8% 21 6.5% 4.6

5 Ventura-San Gabriel Coastal -0.4% 2.5 -0.5% 5.3

6 Santa Ana -0.6% 2.7 -3.0% 5.7

7 Laguna-San Diego Coastal 0.0% 24 -4.0% 5.2

12 North Lahontan 5.2% 2.8 10.1% 6.2

13 Mono-Owens Lakes 3.4% 2.6 7.5% 5.9

14 Northern Mojave 0.3% 2.6 0.3% 5.8

15 Southern Mojave -1.3% 2.6 -2.8% 5.7

16 Lower Colorado -1.2% 2.7 -3.4% 5.8

17 Salton Sea -1.1% 2.6 -2.5% 5.6

Notes

*Watershed climate metrics calculated over entire watershed (includes areas outside of CA state border

*Statewide climate metrics calculated using only grid cells within CA state border
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Figure 2-1. USGS Hydrologic Unit Code (HUC) 6 Watershed Boundaries in California

Note: HUC 6 watersheds extending outside California shown in thin black dashes.
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2.12.2.2 Climate Change

There is consensus in the scientific community regarding that the observed global
warming trend is directly related to the increased concentration of greenhouse gases
(GHGs) in the atmosphere and that this trend will continue into the future.

Climate change projections are made primarily on the basis of coupled atmosphere-
ocean general circulation model simulations under a range of future emission scenarios.
Climate projections used in this climate change analysis are based on climate model
simulations from the Coupled Model Intercomparison Project Phase 5 (CMIP5).

The climate models in the CMIP5 archive (Taylor et al., 2012; Rupp et al., 2013) use a
set of emission scenarios called representative concentration pathways (RCPs) to reflect
possible trajectories of GHG emissions throughout this century. Each RCP defines a
specific emissions trajectory and subsequent radiative forcing (radiative forcing
measures the balance of incoming and outgoing energy in the Earth-atmosphere system
and is measured in watts per meter squared).

Commission staff selected the 20 climate model and RCP combinations recommended
by DWR’s Climate Change Technical Advisory Group (CCTAG) as being most
appropriate for California water resource planning and analysis (DWR CCTAG, 2015).

Because of the coarse scale of general circulation models, it is necessary to downscale
model results (translate changes simulated at the coarse global grid scale to changes at
a regional or watershed scale). Climate projection datasets were developed by
downscaling the 20 general circulation model projections to a 1/16th degree
(approximately 6 kilometers, or approximately 3.75 miles) grid resolution across
California using the localized constructed analog (LOCA) spatial downscaling method
(Pierce et al., 2014). Developed by researchers at the Scripps Institution of
Oceanography, the LOCA method is also being used for analysis of California’s Fourth
Climate Change Assessment methodology. The 20-climate model and RCP
combinations were composed of 10 general circulation models run with two RCPs: one
optimistic (RCP 4.5) and one pessimistic (RCP 8.5).
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Table 2-5 summarizes the emission scenarios and models used in this analysis.

Table 2-5. Climate Model and RCP combinations used in this analysis
Model Name RCPs used
ACCESS-1.0 45,85
CanESM2 45,85
CCSM4 45,85
CESM1-BGC 45,85
CMCC-CMS 45,85
CNRM-CM5 45,85
GFDL-CM3 45,85
HadGEM2-CC 45,85
HadGEM2-ES 45,85
MIROC5 45,85

The results of the 20 spatially downscaled climate model and RCP combinations were
used to create ensemble projections for 2030 and 2070. Appendix A provides a detailed
description of this procedure. The ensemble projections for the 2030 future and 2070
future conditions are summarized in Table 2-4, which shows that the impacts of climate
change are quite heterogeneous across the state with some areas getting wetter and
some getting drier. All areas experience warming but the degree of warming varies
significantly by watershed.

2.12.2.3 Analysis of Uncertainty in Projected Climate Conditions

In addition to quantifying the benefits of the projects with climate conditions at 2030 and
2070, applicants shall disclose how the expected public and non-public benefits of the
projects might change under a wider range of climate conditions and describe how the
operations of their projects can be adapted to sustain the benefits claimed. This
uncertainty analysis can be done qualitatively or quantitatively, but in either case, shall
rely on the bounding scenarios described below. Projects that perform well across a
wide range of potential climate conditions will be considered as more resilient.

This analysis is a type of stress-test that explores the vulnerability and potential
opportunities of projects to future conditions that are less likely, though still within the
range of potential expected conditions. The wider range of climate conditions have been
informed by the range of the 20 individual climate model-RCP combinations shown in
Table 2-5.
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To explore the range of uncertainty in future climate conditions, the following models
shall be used as the basis for the extreme levels of climate change in the applicants’
uncertainty analysis. The selection of these models is based on guidance provided by
DWR CCTAG (2016) for the 4th California Climate Change Assessment.

e HadGEM2-ES with RCP 8.5
¢ CNRM-CM5 with RCP 4.5
The projected extreme levels of climate change for 2070 (climate period 2056 — 2085)

with respect to the 1995 reference period (climate period 1981 — 2010) are shown in
Table 2-6.

Table 2-6. Projected Extreme Levels of Climate Change for 2070 with Respect to the
1995 Reference, Based on LOCA Downscaling of GCMs
Basin HadGEM2-ES with RCP 8.5 CNRM-CM5 with RCP 4.5
(USGS HUC-6; Average Average Average Average
Figure 2-1) Precipitation Temperature Precipitation Temperature
Change Change Change Change
(%) (degrees F) (%) (degrees F)
Statewide
Statewide (all regions in =71 8.4 20.4 3.5
figure)
Central Valley Regions
Central Valley (Regions 8, 9, -8.6 9.2 211 3.9
10 and 11)
8 | Upper Sacramento -10.1 9.0 16.1 3.9
9 | Lower Sacramento -6.3 8.2 242 3.6
10 | San Joaquin -7.5 8.4 23.6 3.5
11 | Tulare-Buena Vista -12.9 8.2 201 3.2
Lakes
Other Regions
1 | Klamath -6.8 8.9 131 3.7
2 | Northern California -3.3 71 21.6 2.8
Coastal
3 | San Francisco Bay 0.2 7.3 30.0 2.8
4 | Central California -1.4 7.6 23.6 27
Coastal
5 | Ventura-San -9.8 8.1 14.8 3.2
Gabriel Coastal
6 | Santa Ana -16.4 8.4 14.3 3.5
7 | Laguna-San Diego -17.1 8.2 14.1 3.2
Coastal
12 | North Lahontan -5.4 9.4 19.4 4.5
13 | Mono-Owens -5.9 8.8 23.9 4.1
Lakes
14 | Northern Mojave -15.2 8.8 14.9 3.6
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Table 2-6. Projected Extreme Levels of Climate Change for 2070 with Respect to the
1995 Reference, Based on LOCA Downscaling of GCMs
Basin HadGEM2-ES with RCP 8.5 CNRM-CMS5 with RCP 4.5
(USGS HUC-6; Average Average Average Average
Figure 2-1) Precipitation Temperature Precipitation Temperature
Change Change Change Change
(%) (degrees F) (%) (degrees F)
15 | Southern Mojave -16.9 8.5 12 3.5
16 | Lower Colorado -13.4 8.6 7.6 3.5
17 | Salton Sea -13.3 8.3 12.4 3.5

2.12.2.4 Sea-Level Rise

Global and regional sea levels have increased steadily over the past century and are
expected to continue to increase throughout this century. As sea-level rise progresses,
the hydrodynamics of the Delta will change, increasing the salinity in the Delta. This
increasing salinity will have significant impacts on water management throughout
California. In the past century, global mean sea level has increased by 17 to 21
centimeters (7 to 8 inches) (Intergovernmental Panel on Climate Change [IPCC], 2013).
Sea level continues to rise due to a combination of melting glaciers and ice sheets and
thermal expansion of seawater as it warms. Global estimates of sea-level rise made in
the most recent assessment by the IPCC 5" Assessment Report (IPCC, 2013) indicate a
likely range of 26 to 82 centimeters (10.2 to 32.3 inches) this century. These ranges are
derived from CMIP5 climate projections in combination with process-based models and
assessment of glacier and ice sheet contributions.

The National Research Council (NRC) has assessed potential future sea-level rise
throughout this century (NRC, 2012). The NRC study on west coast sea-level rise relies
on estimates of the individual components that contribute to sea-level rise and sums
those to produce the projections. The NRC projections have been adopted by the
California Ocean Protection Council as guidance for incorporating sea-level rise
projections into planning and decision making for projects in California.

At 2030 and 2070 the median range of expected sea-level rise as estimated by the NRC
and by other sources widely accepted within the scientific community is around 15 and
45 centimeters, respectively. These sources are presented in Appendix A. For this
analysis, sea-level rise projections of 15 centimeters and 45 centimeters were selected
to represent 2030 future and 2070 future sea-level rise conditions, respectively in the
CalSim Il and DSM2 models.

2.12.3 Development of Models and Datasets
This section summarizes data and methods used to evaluate climate change and sea-

level rise for the WSIP. Detailed information on these data and methods is provided in
Appendix A.
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2.12.3.1 Climate Data (Temperature and Precipitation) and Methods

The climate projections at 2030 future and 2070 future conditions were derived based on
a quantile mapping approach using changes in temperature and precipitation from 20
downscaled general circulation model projections composed of 10 general circulation
models run with two RCPs (RCP 4.5 and RCP 8.5).

The 10 general circulation models were chosen by the DWR CCTAG based on a three-
tiered evaluation of global, regional, and California water management criteria of climate
model ability to reproduce a range of historical climate conditions (DWR CCTAG, 2015).
The 20 climate model projections were downscaled using the LOCA statistical
downscaling method at 1/16th degree (approximately 6 kilometers, or approximately
3.75 miles) spatial resolution by Scripps Institution of Oceanography (Pierce et al.,
2014). The LOCA method uses future climate projections combined with historical
analog events to produce daily downscaled precipitation and temperature time series.

The quantile mapping approach starts with climate model simulation results for all 20
climate model projections and builds statistical relationships from downscaled climate
data from these results for each ensemble projection. The statistical relationships are
used to derive modified temperature and precipitation results for every grid in California,
for each projection. The quantile mapping procedure is presented in more detail in
Appendix A.

The products provided include temperature and precipitation results for the 2030 future
and 2070 future conditions for 1/16th degree (approximately 6 kilometers, or
approximately 3.75 miles) spatial resolution derived for California for water years 1915
through 2011.

2.12.3.2 Rainfall-Runoff Modeling using VIC

Regional hydrologic modeling is necessary to understand the watershed-scale impacts
of historical and projected climate patterns on rainfall, snowpack development and
snowmelt, soil moisture depletion, evapotranspiration, and changes in stream flow
patterns.

VIC has been used to simulate regional hydrology for historical and future conditions for
California as well as many major basins in the United States.

For the WSIP, VIC model simulations were performed to simulate runoff, base flow, soil
moisture, evapotranspiration, and snowmelt and depletion for every grid cell in California
for both 2030 and 2070 conditions using the temperature and precipitation data obtained
from quantile mapping described above. Detailed information on VIC modeling for the
WSIP is presented in Appendix A.
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The products provided include the VIC models and potential evapotranspiration and
potential runoff results for the 2030 future and 2070 future conditions for 1/16th degree
(approximately 6 kilometers, or approximately 3.75 miles) spatial resolution derived for
California for water years 1915 through 2011. The products provided also include VIC
models and routed stream flow results for selected locations in the Central Valley for
water years 1922 through 2003.

2.12.3.3 CalSim Il Modeling

CalSim Il, developed by DWR and Reclamation, has been widely used for water
resources planning and management in California. The model uses a sequence of
historical hydrology plus projected land use conditions to simulate system-wide CVP and
SWP operations under existing regulatory conditions. To simulate operations that
comply with salinity standards in the Delta, an Atrtificial Neural Network (ANN) is
embedded in CalSim Il. This ANN was developed by DWR to mimic flow-salinity
relationships as simulated by DWR’s hydrodynamics model, DSM2. Detailed information
on retraining of ANN under sea-level rise conditions is provided in Appendix A.

Climate and sea-level change is incorporated into the CalSim |l model in two ways:
changes to the input hydrology, and changes to the flow-salinity relationship in the Delta
due to sea-level rise. For the WSIP, changes in runoff and stream flow are simulated
through VIC modeling under two climate projections: 2030 and 2070. These simulated
changes in runoff are propagated to the CalSim Il inflows, water year types, and other
hydrologic indices that govern water operations, or compliance requirements are
adjusted to be consistent with the new hydrologic regime. The following methods are
used in calculating projected CalSim Il inflow data:

1. For larger watersheds, projected runoff amounts obtained from VIC are used as the
CalSim Il inflows.

2. For inflows from smaller watersheds, CalSim Il inflows and downstream
accretions/depletions are modified by applying a fractional change, or perturbation,
based on the flow changes estimated by the VIC modeling. These fractional changes
are first applied for every month of the 82-year period consistent with the VIC
simulated patterns. A second order correction is then applied to ensure that the
annual shifts in runoff at each location are consistent with that generated from the
VIC modeling.

3. For larger watersheds where VIC simulated stream flows are directly used for
CalSim modeling, a statistical bias-correction process is applied to correct biases in
VIC simulations.

4. For larger watersheds where stream flows are heavily impaired, a process is
implemented to calculate historical impairment based on observed data and add that
impairment back onto the VIC simulated flows that were bias-corrected to unimpaired
at a location upstream of the impairment.

5. Water year types and other indices used in system operation decisions by CalSim Il
are regenerated using projected flows, precipitation, or temperature as needed in
their respective methods.
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6. Sea-level rise effects on the flow-salinity response in CalSim Il are incorporated by a
separate ANN for each climate projection (2030 and 2070).

7. Sea-level rise effects on the flow split between the Sacramento River and Georgiana
Slough at times when the Delta Cross Channel is open or closed are estimated by
use of regression equations that are developed based on DSM2 simulations.

Appendix A provides detailed information on the methodology followed and specific input
parameters that are modified for climate change projections.

It is important to note that the CalSim Il simulations do not consider future climate
change adaptation that may require management of the CVP/SWP system in a manner
different from today to reduce climate impacts. For example, future changes in reservoir
flood control reservation to accommodate a different seasonal hydrograph may be
considered under future programs, but the changes to those operations are currently
unknown and are not incorporated in CalSim Il. Similarly, potential changes in land use
(e.g., crop acreage and mix, urbanization) and resulting changes in water demands on
the system cannot be reasonably forecasted at this time. Thus, the CalSim Il modeling
results represent how the current system would respond to climate change, but do not
incorporate dynamic adaptation of the system to climate change.

The products provided include the CalSim Il models and results for the 2030 future and
2070 future conditions for water years 1922 through 2003.

2.12.3.4DSM2 Modeling

DSM2, a one-dimensional hydrodynamics model developed by DWR, analyzes flow and
water quality conditions within the Bay-Delta estuary (see also Section 4.6). DSM2 is
often used to assess potential effects of projects on the Delta flows and salinity
conditions and how those affect ecosystem and human uses of the Delta waters.
Therefore, a DSM2 model that reflects the conditions for each of the 2030 and 2070
climate projections is developed.

A sea-level rise at the Golden Gate Bridge of 15 centimeters in 2030 and 45 centimeters
in 2070 was assumed for the WSIP analyses. The hydrodynamics and salinity changes
in the Delta due to sea-level rise were determined from the UnTRIM 3D Bay-Delta
model. DSM2 model results were then corroborated for the assumed sea level to the
UnTRIM results to accommodate mixing and dispersion effects of sea-level rise that
cannot be captured in 1D modeling. Detailed information on corroboration of DSM2 is
provided in Appendix A.

Based on the outcome of the sea-level rise corroboration, an updated DSM2 model
setup for each of the 2030 and 2070 projections was prepared for use in the WSIP
analyses to account for the projected 15-centimeters and 45-centimeters sea-level rise.

The products provided include the DSM2 models and results for the 2030 future and
2070 future conditions for water years 1922 through 2003.
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Defining the With-Project Future
Conditions

3.1 Background

The with-project future conditions include a detailed description of a proposed water
storage project’s physical features and a preliminary operations plan that describes how
the water storage project may be operated to provide the public and non-public benefits.
The with-project future conditions are based on additions or modifications to the without-
project future conditions as a result of an applicant’s proposed water storage project.
The with-project future conditions are a quantitative and qualitative description of a water
resources system with operation of a proposed water storage project. The expected
physical changes created or caused by a proposed water storage project must be
calculated by comparing the with-project conditions to the without-project conditions;
therefore, changes in the description of the with-project conditions should be limited to
include only additions and modifications that are based on an applicant’s proposed water
storage project description and operations plan, or other changes that can be directly
related to the proposed water storage project (Figure 3-1).

A description of the with-project future conditions must support the analysis of the
expected physical changes related to the project description, operations plan, and
potential benefits or impacts of the proposed water storage project, including all resource
areas described in Section 4. The with-project future conditions must be consistent
across all analyses including physical benefits and impacts, monetary benefits, and
project costs.

Figure 3-1. Resource Areas for Assessing Benefits and Impacts of Storage Projects.
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3.2 Project Formulation

Applicants shall describe how the water storage project was developed as a general
concept and shall explain how the proposed water storage project’s specific size,
location, features, and operations were determined. The description should explain why
the project will be an improvement over the without-project condition. Alternatives to the
project and alternative sizes and operational characteristics must be discussed. This
description must be consistent with, though not as detailed as, information provided in
the feasibility study and environmental documentation. Applicants may summarize
project formulation in their application and reference more detailed information in the
feasibility study and environmental documentation provided with the application.

3.3 Describing the Project
The project description must include, where applicable:

e Location of the water storage facility(ies)

¢ Total and active water storage capacity

e Sources of water supply

* Conveyance capacities for sources of water supply, if applicable

* Capacities for storage facility outlets, spillways, and direct diversions, if any
e Storage facility capacity-elevation and area-capacity curves

e All appurtenant facilities, including hydropower, recreation, ecosystem, and water
quality management facilities, if any

e Expected beneficiaries and the location of benefits

* Relationships to existing water project facilities

o Water storage evaporation loss or other losses as a function of time-of-year and area
¢ Any other features that affect benefits or impacts

Applicants must provide quantitative and qualitative with- and without-project future

conditions for use as the basis of identifying and calculating the expected physical
changes caused or created by the proposed water storage project.

3.4 Preliminary Operations Plan

A preliminary operations plan must describe how a proposed water storage project may
be operated to provide public and non-public benefits. The preliminary operations plan
should include:

e Project operations and public benefits under a range of hydrologic conditions,
including wettest and driest years and multiple dry years
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Benefit categories (both public and non-public) to be served by the project’s
operations

A description of expected commitments for providing operations or water supply for
public benefits

Amount of flood reservation space and, for other benefit categories, dedicated
storage space, if any

Storage rules, priorities, and contingencies for providing benefits and for compliance
and mitigation, if applicable, under the full range of hydrologic conditions

How operations will be monitored to ensure public benefit outcomes
How operations at other facilities may be coordinated and affected
How operations may change based on future climate and sea-level conditions

Other specific objectives and constraints of project operations

Preliminary adaptive management strategies, including:
— Potential uncertainties that may affect project operations in the future

— Potential measurable objectives, performance measures, thresholds, and triggers
to monitor project performance and achievement of desired outcomes

— Potential management or corrective actions that could be taken if monitoring
results fall outside of the range of expected values or if intended outcomes are
not achieved by the project

— How operational decisions will be made if conditions fall outside the range of
anticipated conditions or if public benefits are not provided as anticipated in the
application

3.5 Feasibility Study

The Commission must make a determination that the project is feasible (Water Code
Section 79755 (a)(5)(B)). The feasibility study is also a primary information source for
the detailed project description and project analyses. A completed project feasibility
study is required by January 1, 2022 as part of project eligibility requirement of the WSIP
(Water Code Section 79757).

An applicant must provide the following components of project feasibility, either within an
available draft feasibility study or as part of its application:

Project objectives — the applicant must identify the project objectives, including all
public and non-public benefits the proposed project is designed to provide.

Project description — the applicant must describe the proposed project, including
facilities, operations, and relationships with existing facilities and operations.

Project costs — the applicant must identify and describe all project costs, including
construction costs, interest during construction, replacement costs, operations and
maintenance costs consistent with the operations plan, and costs of mitigation for
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adverse environmental consequences identified in the draft environmental
documentation.

Project benefits — the applicant must describe and quantify all proposed project
benefits, consistent with the operations plan. Public benefits and non-public benefits
shall be quantified using physical measures and, where possible, monetary
measures. Proposed project benefits must be displayed as expected average annual
values for each year of the planning horizon. For benefits that vary according to
hydrologic condition, applicants must display that variability using, for example
specific water year types (such as dry and critical), or exceedance probabilities.
Appropriate ways to display variability depend on the benefit category and how the
physical benefit is to be monetized, as discussed in later sections of this document.

Cost allocation — the applicant must conduct a benefits-based cost allocation to
determine the costs to be assigned to the project beneficiaries. The federal
government’s Separable Costs-Remaining Benefits method is a commonly
acceptable method to do a cost allocation.

Technical feasibility — the applicant must demonstrate that the project is technically
feasible consistent with the operations plan, including a description of data and
analytical methods, the hydrologic period, development conditions, hydrologic time
step, and water balance analysis showing, for the with- and without-project condition,
all flows and water supplies relevant to the benefits analysis.

Environmental feasibility — the applicant must demonstrate that the project is
environmentally feasible. The applicant must describe how significant environmental
issues will be mitigated or indicate if the Lead Agency has or will file a Statement of
Overriding Considerations.

Economic feasibility — the applicant must demonstrate that the expected benefits of
the project equal or exceed the expected costs, considering all benefits and costs
related to or caused by the project.

Financial feasibility — the applicant must demonstrate that sufficient funds will be
available from public (including the funds requested in the application) and non-
public sources to cover the construction and operation and maintenance of the
project over the planning horizon. It must also show that beneficiaries of non-public
benefits are allocated costs that are consistent with and do not exceed the benefits
they receive.

Constructability — the applicant must demonstrate that the project can be
constructed with existing technology and availability of construction materials, work
force, and equipment.

3.6 Other Modifications

Any differences between with- and without-project future conditions not specified as an
addition or modification associated with the proposed water storage project or its
operation must be disclosed. For example, if the proposed water storage project would
result in the elimination or modification of another project or planned activity that is
included in the without-project condition, the applicant must describe and justify why the
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proposed water storage project would cause the change. If another existing or planned
water storage project would be modified or eliminated due to the proposed water storage
project, an applicant can count an avoided cost benefit; see Section 5 for a discussion of
avoided cost.

3.7 Observed and Simulated With-Project Future
Conditions

A complete description and quantification of with-project conditions requires a
combination of assumptions, data, and analysis. Most of the information presented in
this section focuses on assumptions about the features and planned operations of the
proposed project, but the actual description and quantification of conditions requires
analysis, including modeling. Because the project does not yet exist, most aspects of the
current and future with-project conditions must be simulated. Methods and processes for
combining assumptions, data, and analysis are described in Section 4. These methods
must be consistently applied to both the without-project and with-project conditions to
quantify benefits and impacts.
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Calculating Physical Changes
41 Background

The WSIP provides funding for public benefits associated with water storage projects.
Quantification of physical changes is fundamental to demonstrating benefits. The
legislation authorizing the WSIP states that projects shall be selected through a
competitive process that ranks projects based on the expected return for public
investment as measured by the magnitude of the public benefits provided. In other
words, the public benefits must be quantified. The process of quantifying benefits for a
water storage project involves a sequence of modeling or other analysis that links the
project and its operation to the resulting changes in the physical resources and finally to
the monetary value of the physical changes.

This section provides technical information to assist, and in some cases direct,
applicants in quantifying the physical benefits and impacts of proposed projects. The
section begins with a discussion of general concepts of sound water storage project
analysis (Section 4.2, General Project Analysis). The remaining subsections focus on
concepts and methods of quantification and are divided by particular type of analysis
(e.g., surface water or groundwater) or the specific benefit category being analyzed
(e.g., ecosystem improvements, water quality improvements). These subsections are
provided as standalone, pull out references that applicants may use as needed based on
their project type and the potential benefits of the project (i.e., all subsections will not be
applicable to every project).

Subsections 4.3 through 4.6 provide information on methods and models that may be
needed to demonstrate benefits or impacts for the following types of conditions:

e Surface water operations (Section 4.3)

e Groundwater analysis (Section 4.4)

¢ Riverine hydrologic/hydraulic analysis (Section 4.5)

¢ Delta hydrodynamic/hydraulic analysis (Section 4.6)

Subsections 4.7 through 4.13 include detailed information on methods and models for
analyzing the following benefit-specific categories:

e Ecosystem improvements (Section 4.7)

* Water quality improvements (Section 4.8)

e Flood control (Section 4.9)

e Recreation (Section 4.10)
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 Emergency response (Section 4.11)
 Water supply (Section 4.12)
e Hydropower (Section 4.13)

The section also provides information on how methods can be or must be linked
together to form a consistent, defensible analysis.
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4.2 General Project Analysis

Change is an important word in this Technical Reference and it is used in two different
ways. Change over time is important as a way to assess how a proposed water storage
project performs over time, from current conditions through the project’s planning
horizon. An equally important meaning of change is the change (positive or negative)
caused by the project (i.e., comparison of with- and without-project future conditions).
This section provides information on how to perform a consistent, structured analysis of
the without-project and with-project future conditions.

Analyzing the effect of a water storage project is inherently complex, involving the
interaction of climate, engineered structures, hydrologic and hydraulic systems, natural
ecosystems, and the demands, decisions, and unintentional influences of human
society. The methods needed to simulate how this complex system would react to a
proposed water storage project may range from simple to complex. Methods span
simple calculations to large computer models. So for purposes of brevity, the words
method and model are often used interchangeably in this section.

The applicant shall use the data and model products described and provided in
Appendix A for the two without-project future conditions, 2030 Future and 2070 Future
conditions. If the model products provided by the WSIP do not adequately describe the
without-project future conditions relevant to the project, applicants may also use
additional tools or models to complete the description of the without-project future
conditions.

4.2.1 Model Selection Criteria and Quality of Analysis

The appropriate methods for evaluating changes resulting from a water storage project
depend on a number of factors such as the project’s location, size, features, and
expected benefits or impacts. The purpose of any method is to simulate how the project
and its operation lead to the specific magnitudes of public benefits for which WSIP
funding is requested. The method must provide sufficient temporal and spatial scope
and resolution to discern important effects. For example, if seasonal changes in
conditions lead to benefits or impacts, those benefits or impacts cannot be measured
using a method with an annual time step. Finally, complex models tend to be more
defensible because they account for more potential interactions, but complexity and
defensibility must be weighed against data availability, ease of use, and analysis cost.
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4.2.1.1 Model Selection Criteria

The sections on quantification methods include criteria, or at least important
considerations, that applicants should consider in selecting the appropriate model. The
criteria vary depending on the topic, but in general include the following.

e The model must be scientifically defensible. It should represent physical and
biological processes consistent with best available science, and the quality and
resolution (both temporal and spatial) of its data must be appropriate to the analysis.
The model’s uncertainty and error should be understood and within acceptable
standards of science.

* The model should be capable of interacting with the other models used to quantify
benefits without requiring excessive time and effort to create pre- and post-
processing modules or spreadsheets. Specifically, it should be able to process
relatively easily the information provided to it from other models or from the physical
and operational features of the proposed project. Also, it should be capable of
providing output in units and locations that link to subsequent models in the chain of
analysis.

e The model must encompass the geographic scope necessary to quantify all benefits
or impacts.

+ The model must operate at a time step sufficient to quantify benefits or impacts. For
example, quantifying flood control benefits requires a reservoir operations or riverine
analysis with shorter time step (daily or hourly) than quantifying annual water supply
benefits (yearly).

e The model's data and assumptions should be consistent with those of other models
in the chain of analysis.

¢ The applicant should have the time and expertise required to implement the model,
and sufficient data to meet the model’s requirements.

It is apparent that some criteria should be weighed against other criteria in order to
select the best set of models. The model that incorporates the best available science is
often, but not always, the most complex and costly to implement. Therefore, an applicant
may use judgment to weigh these criteria and select appropriate models that provide
sufficient quality of analysis to demonstrate benefits and reveal impacts. In all cases,
applicants must justify their use of models used. If a model that is considered best
available science cannot be used, for example due to lack of data, the applicant must
explain why the model was not used.
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4.2.1.2 Quality of Analysis

Applications will be evaluated based on the appropriate selection of analytical methods,
the proper use of the methods, the quality of data, and the soundness of assumptions.
The following criteria will be used by reviewers to assess the quality of analysis.

¢ Assumptions, data, and analysis are based on best available science, consistent with
this Technical Reference and the requirements and evaluation criteria in the WSIP
regulation.

¢ Applicants show how methods and models were implemented to evaluate with-
project and without-project future conditions. Key input data and assumptions are
summarized and presented.

¢ Uncertainties related to the data, methods, and results are discussed.

¢ Results are clearly presented and reproducible by reviewers. Upon request,
applicants shall provide full input files, spreadsheets, model code, and output files so
that reviewers can verify the analysis.

4.2.1.3 Projected Conditions

A projected condition is the state of the water resource and related systems at a future
time in the planning horizon. Natural variability associated with hydrological and
meteorological outcomes means that a full description of a projected condition must
incorporate a range of results, often expressed as a probability distribution or a
hydrologic sequence. Applicants cannot know the specific weather and hydrology that
will occur in the future, so the projected condition must account for the range of
possibilities. For example, the 2030 projected condition of average monthly flow in a
river affected by a potential project could show results for every year in a hydrologic
sequence, as a probability distribution (or exceedance curve), or as average monthly
flows by defined water year types (see Section 4.2.2.1 Water Year Types)

An applicant must determine the appropriate ways to display variable outcomes for
projected conditions, based on features of its project and the benefits and impacts to be
quantified. The Commission’s evaluation and the relative environmental values (REVs)
for ecosystem and water quality benefits provided by CDFW and State Water Board,
respectively, rely on metrics that must be calculated from each applicant’s analysis. For
example, metrics for projected conditions may include cubic feet per second (cfs)
discharge and water temperature in degrees Fahrenheit.

4.2.1.4 Future Hydrology

Historical datasets of precipitation, land use, river flows, diversions, reservoir storages,
and groundwater levels provide information to understand the system and its behavior in
the past. However, unmodified historical hydrologic data has limited usefulness in
analyzing the potential behavior of a water resources system because it does not
account for the changes in climate, water development, land use, and other changes
that have occurred and will continue to occur into the future.
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When using or modifying historical hydrologic data, it is strongly recommended that the
entire period of record be used. If only a subset of the historical r