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Executive Summary 
Under the auspices of the Delta Science Program, the seven-member Independent 
Scientific Review Panel (Panel) reviewed the adequacy of the Effects Analysis 
component of the Bay Delta Conservation Plan (BDCP or Plan). This report 
represents the third phase of the Effects Analysis review; the Phase 1 (completed in 
November 2011) and Phase 2 reviews (completed June 2012) were partial reviews of 
the Effects Analysis and were completed as the Conceptual Foundation and Analytical 
Approach were still under development. These documents are available online at: 
http://deltacouncil.ca.gov/science-program/independent-review-draft-bay-delta-
conservation-plan-effects-analysis. The present, Phase 3 review covers the first 
complete public draft of the BDCP Chapter 5 Effects Analysis and its associated 
technical appendices, made available in December 2013.  
Four broad themes emerged from the Panel’s review of the BDCP Effects Analysis. 
Firstly, the long, highly detailed document was difficult to review and comprehend. 
The vastness of the Effects Analysis report and appendices are both its strength and 
weakness. Although highly improved from the documents that the Panel reviewed 
during Phase 2, Chapter 5 continues to be fragmented in its presentation and 
sometimes inconsistent with the technical appendices. While the sheer scope of the 
analysis is impressive, the inefficient organization and incomplete cross-referencing 
among sections within the Effects Analysis (e.g., the 8 supporting appendices, totaling 
~4500 pages) as well as with the larger BDCP planning documents make 
interpretation of anticipated net effects of BDCP implementation difficult at best. The 
745-page Chapter 5: Effects Analysis does not represent a stand-alone document and 
it relies extensively on the associated appendices and other chapters for the 
presentation of scientific information, with insufficient guidance for the reader. As 
concluded from the Phase 2 report, the Panel universally believes that by itself, 
Chapter 5: Effects Analysis inadequately conveys the fully integrated assessment that 
is needed to draw conclusions about the Plan, in part because of incomplete 
information on factors affecting the covered species. 
The second theme in the Panel’s review is an apparent disconnect between the 
assessments of the levels of scientific uncertainty presented in Chapter 5 versus what 
is characterized in the technical appendices. In many cases, the Panel felt that there 
was appropriate characterization of high uncertainty within the technical appendices 
but Chapter 5 did not sufficiently acknowledge or articulate this reality, especially 
when using professional judgment to reach overall net effects of the BDCP on key 
species. In particular, the Panel observed that the critical uncertainties associated with 
presumed beneficial effects of tidal wetland restoration were not recognized in the 
Chapter 5 summary. Given the magnitude of the BDCP, the inherent natural and 
anthropogenic complexity in the Bay-Delta ecosystem, and the long time horizon for 
BDCP implementation and rehabilitated community development, most of the 
potential BDCP effects carry a relatively high level of uncertainty. For these reasons, 
the Effects Analysis must provide clear guidance for conceptual models, monitoring, 
metrics that assess underlying ecosystem processes, explicit thresholds and triggers, 
alternative hypotheses, special studies to address critical information gaps, and 
structured decision making in the form of a rigorously institutionalized adaptive 
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management process.  
The third major theme of this review is the lack of an integrated or quantitative 
assessment of net effects, echoing a similar review comment in the Phase 2 review. 
The Panel acknowledges that considerable effort has been made in documenting the 
complex information used to determine net effects. However, in the case of covered 
species, effects could not be quantified and only two of the sixteen existing life cycle 
models were deemed to be relevant to BDCP. For these and other reasons, a 
systematic approach to synopsize the overall net effect on each species was not 
used. Instead, professional judgment was used instead of a ranking approach to 
quantify a synthesis of cumulative effects and associated certainty in the projected 
outcome. Finally, in one paragraph, Chapter 5 accurately portrayed the anticipated 
BDCP effects: “These expectations represent a working hypothesis of the relationship 
between actions, stressors, and biological performance”. However, this statement was 
not emphasized throughout the document. 
The fourth major theme reflected on the need to address the extensive uncertainties 
associated with the assumptions and predictions of the beneficial effects of the BDCP 
conservation measures. While the Phase 2 Effects Analysis accurately reflected the 
detailed process and implementation structure to apply an adaptive management 
approach to resolve uncertainties, the Panel was concerned that it defaulted to rather 
“passive learning” instead of a rigorous, institutionalized adaptive management 
process that resolved effects on covered species and their requisite ecosystems 
through an active, experimental approach. 
Together with background obtained during Phase 1 and 2 of the BDCP Effects 
Analysis review, the Panel provides the following synopsis of the Panel’s responses to 
their General Charge Questions; further responses to specific issues and the 
adequacy of supporting documents are provided in the body of the report. 
1. How well does the Effects Analysis meet its expected goals? 
The Phase 3 review-version of the Effects Analysis is a much improved and 
impressive compilation of background material and scientific and technical knowledge 
about the Bay-Delta that provides a plausible basis for the conservation measures. 
The Panel concluded that much of the available data and arguments for the rationale 
behind the Effects Analysis assumptions and conclusions are contained within the 
BDCP documents. However, we suggest that the Effects Analysis (Chapter 5) itself is 
still poorly substantiated and leaves too much to appendices and other BDCP 
chapters without explicit cross-references. The lack of accessibility to information 
within the chapter or clear reference to supporting detail inhibits rather than elucidates 
comprehension of the findings and thus conveys an unsatisfying “trust us” message. 
Our conclusion of the Effects Analysis is that many of the critical assumptions in 
modeling effects and justifications behind the supposed benefits of the conservation 
measures are highly uncertain. Much of the conservation measures center around 
restoration activities and management actions to improve current conditions. Our 
impression, therefore, is that the foundation of the BDCP is weak in many respects 
and the default burden to ensure covered species benefit, if not recovery, depends on 
adaptive management. The adequacy of the BDCP therefore rests not in the intent 
and development of the conservation measures, but in the rigor and application of 
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adaptive management to ensure that the critical uncertainties are addressed and 
strategically incorporated into a progressively refined Plan. 
2. How complete is the Effects Analysis; how clearly are the methods described? 
Chapter 5 provides a comprehensive overview of the spatial and temporal scope of the 
analysis, definitions of project baselines that differ depending on regulatory authority, 
recognition of climate change information, identification of a variety of models used to 
evaluate effects, treatment of viable salmon population criteria, and the approach to 
determining net effects on fish and wildlife. As might be expected, with the size of the 
Effects Analysis task, the quality of the assessments ranged in scientific rigor based on 
the amount of available data and best available science. Some aspects of the 
assessment, such as water quality and flow, were quantitatively assessed using 
sophisticated mathematical models. Some aspects of the Chinook salmon assessments 
were also based on empirical data and process-based models. However, for many of 
the other fish species and their potential stressors, conceptual models supported by the 
scientific literature were the only recourse.  
3.  Is the Effects Analysis reasonable and scientifically defensible? How clearly are 

the net effects results conveyed in the text, figures and tables? 
The approach to net effect conclusions needs to be reconsidered and revamped. The 
Effects Analysis assessment of net effects, particularly for covered fish, tries to 
incorporate information on potentially beneficial or detrimental effects covering 12 
different stressors, 32 attributes, and multiple life stages using best available 
information and science. Only a perfect life-cycle model with perfect information on all 
the effects and their interactions could possibly weight the results correctly and draw 
unambiguous conclusions. A serious limiting factor of the current consolidation of Net 
Effects is a near complete absence of any weighting of the biological importance to 
particularly sensitive life history stages of the many attributes under consideration. As a 
result, whether and how any critical life stages or attributes are being adversely affected 
by the BDCP is generally unclear. The net effects conclusions for a fish species needs 
to therefore take into account the relative importance of the various life history stages, 
make them explicit, and interpret Plan effects within that context on a species-by-
species basis. Similarly, the simple summation of the number of acres of suitable 
habitat that are removed or restored for each species by the conservation measures 
does not consider landscape-level effects such as connectivity and patch size, nor does 
it take into account variation in habitat quality. 
The net effects analysis tends to overreach conclusions of positive benefits for covered 
fish species, given the inability to quantify the over-all net effects and the realization of 
high uncertainty. In particular, it does not adequately defend conclusions regarding the 
net effects of habitat restoration. Restoration of tidal wetlands (and other communities) 
is highly uncertain and at least an extremely long process. The Effects Analysis does 
not adequately justify the critical assumption of the benefit of tidal wetland restoration as 
a food web subsidy for covered pelagic fish given the uncertainties of tidal wetland 
restoration itself. A critical issue is the implicit expectation that restoration activities will 
result in increases in abundance of lower trophic levels, but it is uncertain whether the 
resulting increased production will result in food web pathways supporting covered 
species. The presentation of phytoplankton-based and tidal wetland macrophyte 



P a g e  | 8 
 
detritus-based food webs as alternative ecosystem processes, rather than as an 
integrated system, also significantly complicates the interpretation of the potential 
benefit of BDCP restoration. For foraging salmonids, the Effects Analysis did not 
evaluate the reduced extent to which salmonids would have access to rehabilitated 
habitat when the north Delta intakes are operating and flows are reduced. 
Only one configuration of Restoration Opportunity Areas (ROAs) were modeled by the 
hydrodynamic models and the locations of these assumed Restoration Opportunity 
Areas are not available. Some details of the hydrodynamic modeling, especially where 
1D and 2D models did not agree or situations where counter-intuitive results were 
reported, could not be evaluated due to the limited information provided. 
4.  How well is uncertainty addressed? How could communication of uncertainty 

be improved? 
A broad consensus exists among the Panel that Chapter 5 does not adequately 
acknowledge the extensive uncertainty associated with the BDCP’s assumptions and 
predictions. In its current form, at the level of detail conveyed, in the models used, and 
in the verbal assessments and conclusions, the level of uncertainty is often downplayed. 
Within appendices sometimes more explicit discussion of uncertainties can be found, 
but there is a disconnect between the summary pages with the conclusions drawn in 
Chapter 5. In situations in which an array of outcomes may be possible, only the more 
beneficial outcomes are used in conclusions about the BDCP. Communication of 
uncertainty would be improved by consideration of a range of potential outcome values 
in models.  
5.  How well does the Effects Analysis describe how conflicting model results and 

analyses in the technical appendices are interpreted? 
The Panel found models describing salmonid Delta passage and habitat suitability for 
terrestrial species to be appropriate and any conflicting results adequately explained. 
Because hydrodynamic models are sensitive to how the open water regions are 
represented and how they are connected to the adjacent channels, and because the 
panel was not provided the bathymetric configuration of the ROAs or the order in which 
the ROAs were established, it is not feasible for the Panel to evaluate the sensitivity of 
the models to the placement of the Restoration Opportunity Areas.  
Overall, the Panel found the Chapter 5 text describing the two life cycle models (IOS 
and OBAN), which provide alternative views of BDCP effects compared with other 
analyses, to be complicated and somewhat confusing. It was not clear whether or not 
the models were appropriately applied to evaluate a portion of the BDCP attributes. 
The Effects Analysis modeling of salmon sensitivity to water temperature during egg 
incubation in the Sacramento River is not clear, given that the BDCP has no effect on 
upstream conditions according to some sections of Chapter 5. The Chapter 5 evaluation 
needs clarification, including a clear description of how the BDCP might affect flow and 
temperature in this area. 
6. How well does the Effects Analysis link to the adaptive management plan and 

associated monitoring programs? 
While both the need for and operative structure of adaptive management is identified 
considerably more in the Phase 3 review version of the Effects Analysis, it remains 



P a g e  | 9 
 
characterized as a silver bullet but without clear articulation about how key assumptions 
will be vetted or uncertainties resolved to the point that the BDCP goals and objectives 
are more assured. The concept of adaptive management is appropriately described and 
allocated a prominent role in the implementation structure. However, the commonly 
acknowledged process of adaptive management is easily misunderstood and 
misapplied, often resulting in a loss of rigor and commitment in application. Because of 
the extensive uncertainties surrounding the assumptions and predictions of the BDCP, 
the Panel strongly emphasizes institutionalizing an exceedingly rigorous adaptive 
management process. This is critical in order to avoid the high risk associated with 
ecological surprises that will be difficult or impossible to reverse once they have 
occurred. BDCP must make a commitment to the fundamental process, and specifically 
the required monitoring and independent science review, not just the concept of 
adaptive management. 
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Introduction 
This report describes the results of an independent scientific review of the Bay Delta 
Conservation Plan (BDCP) Effects Analysis. At the request of the BDCP participants, 
the Delta Science Program convened an Independent Science Review Panel (Panel) to 
assess the scientific soundness of the BDCP Effects Analysis, guided by a Panel 
Charge with explicit questions to address. 

Background and History 
The BDCP Working Draft was initially released November 18, 2010 without a detailed 
effects analysis. This review has been conducted in three phases and was initiated in 
October 2011. The Panel’s initial (Phase 1) review was conducted on the Draft BDCP 
Effects Analysis' Conceptual Foundation and Analytical Framework and the Entrainment 
Appendix as an example of the application of the conceptual understanding, methods 
and analyses discussed in the Conceptual Foundation and Analytical Framework. In the 
most recent drafts of the BDCP Effects Analysis, the Foundation and Framework 
(originally Appendix A) concepts were incorporated into Chapter 5: Effects Analysis. 
During Phase 2, the Panel reviewed drafts of the BDCP Chapter 5: Effects Analysis and 
drafts of many of the associated technical appendices. Appendices 5.E: Habitat 
Restoration and 5.G: Fish Life Cycle Models were not reviewed during the Phase 2 
review. The BDCP Chapter 5: Effects Analysis and all of its associated technical 
appendices were reviewed during the Phase 3 review that is summarized in this report. 

BDCP Goals and Role of Effects Analysis 
The overall goal of the BDCP is to restore and protect ecosystem health, water supply, 
and water quality within a stable regulatory framework. Component goals include: 

• provide for the conservation and management of Covered Species within the 
Plan Area; 

• preserve, restore and enhance aquatic, riparian and associated terrestrial natural 
communities and ecosystems that support Covered Species within the Plan Area 
through conservation partnerships; 

• allow for projects to proceed that restore and protect water supply, water quality, 
and ecosystem health within a stable regulatory framework; 

• provide a means to implement Covered Activities in a manner that complies with 
applicable State and Federal fish and wildlife protection and laws, including 
California Endangered Species Act and Federal Endangered Species Act, and 
other environmental laws, including the California Environmental Quality Act and 
National Environmental Policy Act; 

• provide a basis for permits necessary to lawfully take Covered Species; 
• provide a comprehensive means to coordinate and standardize mitigation and 

compensation requirements for Covered Activities within the Planning Area; 
• provide a less costly, more efficient project review process which results in 

greater conservation values than project-by-project, species-by-species review; 
and, 

• provide clear expectations and regulatory assurances regarding Covered 
Activities occurring within the Planning Area. 
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The Effects Analysis is a critical component for the BDCP. Its purpose is to provide the 
best scientific assessment of the likely effects of BDCP actions on the species of 
concern and ecological processes of the Bay-Delta system. The Effects Analysis will, 
out of necessity, rely heavily on the application of models to quantify the likely results of 
the BDCP. These include conceptual, numerical, hydrodynamic, operational, and 
species models. The BDCP Effects Analysis is being conducted and documented 
through Chapter 5: Effects Analysis and a series of technical appendices centered on 
common stressors or groups of similar effects. The draft appendices reviewed in 
Phase 1 of the Effects Analysis review included the Conceptual Foundation and 
Analytical Framework Appendix (Foundation and Framework) and the Entrainment 
Technical Appendix. The Foundation and Framework described the high-level vision, 
purpose, and regulatory foundation for the Effects Analysis. It also provided an overview 
of the proposed methods to accomplish the analysis. In the most recent drafts of the 
BDCP Effects Analysis, the Foundation and Framework (originally Appendix A of the 
BDCP) concepts have been incorporated into Chapter 5: Effects Analysis.  

Panel Members 
• Alex Parker, Ph. D., California Maritime Academy, California State University 

(Panel Chair) 
• Charles "Si" Simenstad, M.S., University of Washington (Lead Author) 
• T. Luke George, Ph.D., Colorado State University 
• Nancy Monsen, Ph.D., Stanford University 
• Tom Parker, Ph.D., California State University San Francisco 
• Greg Ruggerone, Ph.D., Natural Resources Consultants, Inc. 
• John Skalski, Ph.D., University of Washington 

The Panel member’s biographies are included in Appendix A of this report. 

Charge to Panel 
The Panel was charged with assessing the scientific soundness of Chapter 5: Effects 
Analysis and the associated technical appendices, including recommendations for how 
these might be improved with respect to achieving their stated goals (Appendix B). The 
charge directed the Panel to address six general questions on Chapter 5: Effects 
Analysis and review of eight specific topics that had been formulated by the BDCP 
agencies. In addition, seven other questions were addressed on the approach, analysis 
and models described in the Chapter 5 technical appendices. 

Review Schedule 
• October 2011 

o The Panel convened in Sacramento to discuss the Foundation and 
Framework and Entrainment Technical Appendix and made initial 
recommendations. 

• November 2011 
o Phase 1 Panel report completed November 28, 2011. 

• April/ May 2012 
o The Panel reconvened in Sacramento to discuss BDCP Chapter 5: Effects 

Analysis and the many of the technical appendices. Appendices 5.E: 

http://deltacouncil.ca.gov/sites/default/files/documents/files/BDCP_Effects_Analysis_Review_Panel_Report_FINAL.pdf
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Habitat Restoration and 5.G: Fish Life Cycle Models were not reviewed at 
this time. 

• June 2012 
o Phase 2 Partial Review Panel report completed. 

• December 2013 
o An informational briefing was provided for the Panel. It included an 

overview of changes to the Effects Analysis and associated technical 
appendices since the Phase 2 review, including the changes made in 
response to the Panel’s previous comments. 

• January 2014 
o The Panel convened in Sacramento to discuss the BDCP Chapter 5: 

Effects Analysis and technical appendices on January 28-29. 
• March 2014 

o Phase 3 report completed. 

Organization of Report 
We have sought to organize the Panel’s review comments and recommendations 
around the questions framing the Charge to the Panel (Appendix B). Given the 
extensive volume of review material in Chapter 5 and its associated appendices, our 
ability to draw on other chapters in the entire BDCP document and all other 
supplemental material provided to the Panel was considerably limited and inconsistent. 
However, we attempted to reduce our own uncertainties by exploring the whole body of 
the BDCP as much as was feasible within the constraints on our time and resources. 
For each of the Panel Charge questions we provide a brief summary section, a series 
of bulleted recommendations, and a comments section with more detailed discussion. 
In order to maintain this structure throughout the report, there is some redundancy, 
particularly between the summary comments and detailed comments sections. 

Summary observations 

Reponses to Phase 1 and Phase 2 Panel recommendations 
Many of the recommendations from the Phase 2 report should still be referenced while 
developing the adaptive management plan and initial rules for operating the north Delta 
diversion facility. Highlighted below are some Phase 2 recommendations that are 
relevant in this Phase 3 report. 

Recommendation 1: Analysis of biological effects needs more consistency and 
specificity 

In some respects, the current draft of the Effects Analyses lacks even more specificity 
than before, although it may be that sections were moved to other chapters. The ‘multi-
author’ problem is apparent in the variation in assessments found in different locations. 
Most biological objectives for covered fishes were not fully evaluated in Chapter 5 
because information was deemed to be insufficient (Table 5.2.8). Requests for full 
aquatic food webs were followed and a reasonable conceptual food web was provided, 
but it was incomplete. 

http://deltacouncil.ca.gov/sites/default/files/documents/files/BDCP_Effects_Analysis_Review_Panel_Final_Report_061112.pdf
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Recommendation 2: Net Effects Analysis needs greater objectivity 
Regardless of the degree of uncertainty and the number of linkages without analyses, 
the conclusion is often overstated as the most beneficial result. Many biological models 
were analyzed without any sensitivity analyses; consultants would say, ‘there’s no data,’ 
but they could have said, ‘what if we were just 90% correct here, or 60% correct’, or 
‘what if the benefits of restoring wetlands are delayed 10-15 years over our most 
positive perspective’ – but none of those alternative scenarios were considered. 

Recommendation 3: Increase consistency of stressor analysis across covered 
species, and provide more detail. 

Chapter 5 identified a ranking approach that addressed: 1) importance of attribute to the 
population; 2) effect of stressor on individuals; and, 3) certainty of 1 & 2. However, the 
analysis did not transparently follow through with this approach. 

Recommendation 4: Chapter 5 must be a “stand alone” document 
The synthesis quality of the Effects Analysis was improved. But reference to specific 
sections of technical appendices and other supporting documentation could be 
improved in many sections. Given uncertainty in effects analysis, more description of 
monitoring and adaptive management would be worthwhile to show that the BDCP 
would adequately address the uncertainty. 

Recommendation 5: Clarify the baseline 
The baseline(s) was described, although the baselines vary with regulatory agency. 
This complicated an already very complicated and lengthy Effects Analysis. 

Recommendation 6: Provide systematic understanding and planning for 
conservation actions, especially restoration 

Achieving beneficial conservation measures requires understanding limiting factors, 
ecosystem processes, sequencing, adaptive management responses, thresholds for 
certain actions, and interactions and other consequences of these actions. Otherwise, 
this isn’t a conservation plan, but rather a conservation menu that generally fails to 
describe how major uncertainties will be resolved. For instance, while the Effects 
Analysis recognizes that suspended sediment has been declining in the Sacramento 
River and that the new diversions would remove an additional 8-9%, all analyses used a 
high and constant amount with no mention of downstream sediment effects on either 
Suisun or San Francisco Bay. Similarly, the uncertainty about being able to remove 
Egeria or other invasive species is not directly addressed in Chapter 5. Egeria is 
certainly poorly considered in the context of the aquatic food webs. Bivalves are not 
incorporated into aquatic food web analyses, although they’re mentioned as 
‘uncertainties’. 
While the conceptual model of food web enhancement support of covered species 
through restoration of tidal wetlands is more thoroughly covered, potential changes in 
the contributions of different food web sources and subsidies are still treated as 
disparate. Discussion of the Delta’s potential food web structure and dynamics under 
BDCP conservation measures still fails to treat the Delta as a system, with spatially and 
temporally integrated sources of phytoplankton-based and detritus-based secondary 
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production. There remains the need to provide a synthetic view of the potential benefit 
of restoration to the covered species that represents the integrated ecosystems and 
processes that fuel that food web, and potentially enhance it under the BDCP. 
No additional detail has been provided for the Restoration Opportunity Areas (ROAs), 
other than their general locations. There is very little mention of how they will be 
connected, interact or be sequenced. What criteria have been developed to provide that 
guidance, or is it entirely dependent on opportunity (real estate costs, availability, public 
land, etc.)? Ultimately, adaptive management incorporating an extensive management 
structure and large representation of stakeholders will need to be implemented in order 
to resolve issues and uncertainties. There is a tremendous trust embodied in an ill-
defined adaptive management process. 

Recommendation 7: Include indirect effects of contaminants as part of Appendix 
5.D: Contaminants 

Indirect effects of contaminants on covered species via food web effects (i.e., 
contaminant effects on the microorganisms that make up the food web that covered 
species depend on) are almost certainly important. 

Recommendation 8: Accurately characterize food resources and food webs  
While there is now more comprehensive assessment of both phytoplankton- and 
detritus-based food web pathways proposed to be enhanced by BDCP conservation 
measures, the Effects Analysis still leaves the impression that phytoplankton and 
macrophyte (e.g., tidal marsh) production are separate, almost “opposing” alternative 
food webs. Only a simple depth model is used for phytoplankton production, nothing 
else incorporated. Many things are now mentioned in the text, no analyses 
incorporated, no discussion of potentially modified planktonic composition, etc. 

Recommendation 9: The hydrodynamic modeling needs to capture the entire 
domain of effects 

1) New guidelines will need to be put in place to regulate tidal (and maybe tidally 
averaged reverse flows) in the north Delta channels including Steamboat, Sutter, and 
Georgiana Sloughs. The operation of the Delta Cross Channel also needs to be 
rethought. These new guiding regulations need to be in place before exports start to 
occur in the system. 
2) The current Effects Analysis does not consider the influence of shifting timing of 
withdrawals on San Francisco Bay circulation patterns and ecology. This is a significant 
omission with ecologically important implications. 

Recommendation 10: Incorporate life cycle models for all species, as quantitatively 
as possible 

Appendix 5.G identified a number of life cycle models, but eliminated all but two to be 
used in the effects analysis. The Panel questioned whether some models were 
inappropriately dismissed. The two models used in Chapter 5 both involved winter 
Chinook salmon. Thus, the large majority of covered species were not evaluated with 
life cycle models. The Panel asks why the BDCP did not develop life cycle models when 
beginning the process. 
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Recommendation 11: Consider salmonids at stock and life history scale 
This aspect of the Effects Analysis was also improved. Each salmonid stock was 
evaluated. “Forager” versus “migrant” life histories were compared and evaluated, but 
proportions of each life history type did not seem to be considered in the analysis of net 
effects. Furthermore, the relative proportion of wild versus hatchery fish contributing to 
each life history type was not considered.  

Recommendation 12: Identify analytical tools that need to be developed to address 
the extremely high uncertainty involved with calculating sediment supply and 
turbidity 

Multiple statements within Chapter 5 and Appendix 5.C indicate that turbidity distribution 
is largely unknown. 

Recommendation 13: Levels of uncertainty are not adequately addressed 
The Effects Analysis provides an improved recognition of uncertainty, but there’s not 
better resolution of uncertainty than in previous drafts and the more complete 
discussion of uncertainty is often buried in the appendices. As a result, Chapter 5 
reflects the lowest common denominator in terms of uncertainty. The level of uncertainty 
was often mentioned when evaluating the effect of a stressor on a species. Uncertainty 
was also mentioned when estimating net effects. However, conclusions regarding 
covered fish often overstated potential beneficial effects while not adequately 
addressing the lower-end effects. 

Recommendation 15: Include sensitivity analyses and model validation in the effects 
analysis for covered fish species 

While sensitivity analyses would have informed the Effects Analysis in the case of some 
of the biological models, this recommendation was generally not followed. 

Recommendation 16: Provide more detail about the specific approaches that will be 
used when implementing adaptive management 

Given the tremendous levels of uncertainty associated with critical assumptions and 
predictions inherent in the Effects Analysis, the burden of sustaining or enhancing 
covered species will seemingly fall almost entirely on adaptive management, particularly 
“active” adaptive management where explicit interventions may be required. However, it 
remains unclear how many of the critical uncertainties can or will be addressed as 
explicit experiments. While the Adaptive Management Plan is appropriately, and often 
effectively, designed to specifically address the major uncertainties, thresholds, triggers 
and alternative measures need to be explicitly derived from conceptual and numerical 
models. In some cases, metrics or success criteria have yet to be identified (e.g., Table 
3.D.2). Furthermore, the critical monitoring that would be required for effective decision 
making and adjustments are often relegated to research actions rather than mandated 
effectiveness monitoring, which presents potential lack of commitment or delay in timely 
resolution of critical uncertainties. Given the critical importance of monitoring and 
adaptive management to BDCP success, it would be worthwhile to have an explicit 
section within Chapter 5 that specifies how monitoring and adaptive management has 
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been designed and implemented to address specific uncertainties, test critical 
assumptions and predictions and sequenced to improve the chance of success. 

Recommendation 17: Ensure a declining fish population (e.g., longfin smelt) does 
not decline further while waiting for possible beneficial effects of habitat restoration 

The key assumption is that food production will be the primary benefit to longfin smelt 
from habitat restoration measures. Winter-spring flow is also believed to be key factor 
affecting abundance. Chapter 5 states that the key question is the extent to which 
abundance can be increased through improved food production and how these 
improvements interact with the spring outflow-abundance relationship. Recognition of 
the length of time needed to restore habitats and increase food production for longfin 
smelt could be strengthened in Chapter 5. 

Accessibility of Effects Analysis elements 
The Panel recognizes that the complexities involved in the process to develop and the 
ultimate structure of the BDCP are enormous, and as a consequence reviewing one 
component such as the Effects Analysis can be inhibited by lack of clear knowledge of 
the other components, expanded detail or underlying rationale. Furthermore, the Panel 
found it difficult to readily track down key information in the 745 page Effects Analysis 
(Chapter 5), which was supported with eight appendices containing an additional 4,500 
pages. In general, in spite of its length, we often found assumptions or conclusions 
stated in the Effects Analysis to be lacking in sufficient detail to stand alone without links 
to Effects Analysis appendices or other BDCP chapters that provided the necessary 
detail or background. Although outside the charge of the Panel, we often found after 
digging further into the BDCP documents that the Effects Analysis was supported with 
some information. We recommend that for recognition of the voluminous and detailed 
information supporting the Effects Analysis, and ease of migrating through it, a simple 
system of (appendix/chapter and page-line number) cross referencing be employed to 
point the reader to that supporting information. 

General Charge Questions 

1.  How well does the Effects Analysis meet its expected goals? 

Summary 
Compared to the initial development of the BDCP Effects Analysis, the Panel 
consensus is that the Phase 3 version is a much improved and impressive compilation 
of background material and scientific and technical knowledge about the Bay-Delta that 
provided a plausible basis for the conservation measures. The Panel concluded that all 
of the available data and arguments for the rationale behind the Effects Analysis 
assumptions and conclusions are contained within the BDCP documents, although we 
suggest that the Effects Analysis (Chapter  5) itself is still poorly substantiated and 
leaves too much to appendices and other BDCP chapters without explicit cross 
references. The lack of accessibility to information conveys a “trust us” message. 
Evaluation of BDCP effects was typically systematic in that it attempted to identify key 
attributes affecting Covered Species and described, to the extent possible, the 
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importance of that attribute, the potential effect of the BDCP on the attribute, and 
uncertainty regarding the evaluation. Findings from multiple approaches taken to assess 
potential effects were described and strengths and shortcomings were identified when 
possible. However, this level of detail, which sometimes included conflicting information, 
inhibits rather than elucidates comprehension of the findings.  
The tenuous conclusion drawn from the Effects Analysis is that many of the critical 
justifications behind the supposed benefits of the conservation measures are highly 
uncertain. Other than the impression that the foundation of the BDCP is weak in many 
respects, the default burden to ensure Covered Species benefit, if not recovery, rests on 
adaptive management. The adequacy of the BDCP therefore rests not in the intent and 
development of the conservation measures, but in the rigor and application of adaptive 
management to ensure that the critical uncertainties are addressed and strategically 
incorporated into a progressively refined Plan.  
There is great potential in the area of decreasing invasive aquatic vegetation (IAV) 
abundance. Control of extremely invasive IAV, such as Egeria densa (Brazilian 
waterweed) and Eichhornia crassipes (water hyacinth), could be substantial and 
effective if the Plan follows through on its actions. The prospects of success with 
predator control appear marginal and then only if hotspot actions are followed through 
year after year. The effects of water withdrawals by the Plan may lead to expanded 
populations of the non-indigenous, invasive clams Potamocorbula amurensis and 
Corbicula fluminea without further direct actions to control their population growth. The 
fate of Microcystis aeruginosa is also not promising. Between trends in climate warming 
and planned water withdrawals, the prospects for Microcystis blooms appear to remain 
unchanged or slightly worse under the Plan, although the direction of these potential 
outcomes is highly uncertain. 
The Effects Analysis develops a robust conceptual model of aquatic food webs and the 
diverse linkages that may impact the net production of food for covered fish species. 
Yet, the Effects Analysis contains a number of assumptions, some of which are 
inappropriate (such as the magnitude and location of invasive clam depression of 
phytoplankton production), and others highly uncertain. Uncertainties are mentioned, 
but no effort was made to include conservation efforts reaching only a portion of the 
biological objectives and goals. Thus the analysis of effects further assumes only the 
most beneficial potential results, but doesn’t incorporate other possibilities. Other 
aspects of food webs in aquatic habitats are described but remain unanalyzed, some of 
which may enhance, while others may inhibit achievement of biological objectives. 
While the overall conceptual model is adequate, integration and synthesis is lacking. 
Consequently the conclusions and net effects are not appropriate given the gaps in 
analyses and the uncertainties. 
For terrestrial communities and covered species, the Effects Analysis provides a simple 
accounting of the number of acres of natural communities and suitable habitat that will 
be removed and restored but very little information is provided about the management 
actions that will be implemented to maintain them over the duration of the conservation 
plan. 
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Recommendations 
• Provide detailed cross-referencing and indexing between Chapter 5 and the 

associated technical appendices as well as other chapters of the BDCP, 
especially the Adaptive Management Plan. 

• Improve reporting of uncertainty levels within Chapter 5 Effects Analysis, 
including within the Executive Summary. 

• Identify the most relevant monitoring indicators necessary to evaluate the 
trajectory of outcomes with respect to the biological objectives,  

• Complete work on biological objectives. 
• Provide triggers for adaptive management  
• Guide the scientific community by highlighted research priorities to address 

critical information gaps. 
• Improve on the systematic approach for integrating net effects for Covered 

Species. 
• Develop life cycle models for each of the Covered Species in order to evaluate 

BDCP effects 

Comments 
The length and detail of the text and accompanying tables indicate considerable effort to 
document information used to determine the net effects. However, this level of detail, 
which sometimes included conflicting information, inhibits rather than elucidates 
comprehension of the Effects Analysis findings.  
Overall, the BDCP and the 22 conservation measures have the goal to enhance fish 
and wildlife species in the Plan Area. Twenty-one of the conservation measures involve 
actions intended to restore habitat and benefit Covered Species. Conservation 
Measure 1 (Water Facilities and Operation) also has the goal to benefit covered species 
but this specific action involves activities that may adversely impact species (e.g., water 
removal and construction activities) while also benefiting some species (e.g., reduced 
entrainment at the south Delta pumps). Therefore, a key goal of the BDCP Effects 
Analysis is to determine whether the overall positive effects of the conservation 
measures outweigh the adverse effects of water removal and project construction, and if 
so, to what degree.  
The Effects Analysis attempted to evaluate the effects of the BDCP on each covered 
fish species in an open, unbiased manner. Sixteen life-cycle models for Covered 
Species were examined for applicability to the BDCP, but only two were deemed to be 
relevant. It was not clear why life cycle models were not developed for the specific 
purpose of evaluating BDCP effects on each of the Covered Species. Quantitative 
effects could not be described, rather effects of each attribute were ranked as zero, low, 
moderate, or high effect. A systematic approach to synopsize the overall net effect on 
each species was not used even though a ranking approach that could have been used 
in a systematic roll-up was described. Instead, professional judgment was used to 
assess the overall net effect.  
If there is one area of general scientific consensus among the Panel about the 
implementation of the Bay Delta Conservation Plan is that its outcomes remain highly 
uncertain. As such, one would expect that the Effects Analysis would reflect this general 
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conclusion by stressing a high level of uncertainty around all of its conclusions. There is 
also general consensus among stakeholders that the high level of uncertainty should 
not be an impediment to any action in the restoration of the Bay Delta ecosystem. The 
only way to address the highly uncertain outcomes of BDCP implementation is through 
rigorous monitoring and adaptive management. The BDCP Effects Analysis should 
better integrate where uncertainty exists, identify the most relevant monitoring indicators 
necessary to evaluate the trajectory of the outcome, provide triggers for adaptive 
management and guide the scientific community by highlighted research priorities to 
address critical information gaps. On these points the Effects Analysis as a stand-alone 
document falls short. 
Table 5.2-8 identifies the biological objectives for each of the covered fish species and 
whether or not the Effects Analysis was able to assess the likelihood of the BDCP 
achieving the objectives. Some of the biological objectives were quantitative, thereby 
providing a specific metric that could be evaluated both prior to BDCP implementation 
and after implementation. For example, for winter-run Chinook originating in the 
Sacramento River, the objective is to achieve a 5-yr geometric mean survival through 
the Delta of 52% by year 19 (from an estimated 40% at present), to 54% by year 28, 
and to 57% by year 40. Although the table notes that this objective is interim and 
subject to possible change as new data are collected, the Review Panel complements 
the BDCP team for developing quantitative biological objectives to be achieved within 
specific time periods. Ideally, the Effects Analysis should evaluate likelihood of the 
BDCP achieving each biological objective. 
The inability to fully evaluate the likelihood of achieving each biological objective at this 
time highlights the need for a rigorous monitoring and Adaptive Management Plan. 
Chapter 5 seems to recognize this need in light of the incomplete evaluation of 
biological objectives. The Panel was not tasked with reviewing monitoring and adaptive 
management plans. Nevertheless, monitoring efforts should be designed to quantify 
whether or not the biological objectives are being achieved. The adaptive management 
plan needs to be linked to monitoring with identified trigger points and actions to steer 
the effort towards achievement of the biological objectives. 
For terrestrial communities and covered species, the Effects Analysis, for the most part, 
provides a simple accounting of the number of acres of natural communities and 
suitable habitat that will be removed and restored but very little information about the 
management actions that will be implemented to maintain them over the duration of the 
conservation plan. The estimates of habitat restoration assume that restoration targets 
for the different habitats will be achieved with certainty, an assumption that unlikely to 
be met. In addition, the contribution of natural community restoration to species habitat 
restoration is estimated by multiplying the percentage of modeled habitat comprising the 
natural community by the total acres of natural community restoration in the plan area. 
This approach, however, confounds the spatially explicit nature of many of the species 
distributions within the Plan Area. For instance, only the riparian woodland south of 
Highway 4 within the Plan Area is considered potential riparian woodrat habitat which 
makes sense given their current distribution. The riparian woodland in this region 
currently comprises approximately 12.1% of the riparian woodland in the entire Plan 
Area. It is inappropriate to apply this percentage the estimate the amount of restored 
habitat in the Plan Area that will be available to riparian woodrats. If none of the 
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restored habitat occurs south of Highway 4 then none of it will be potentially available to 
riparian woodrats. It makes much more sense to identify only riparian woodland 
restored south of Highway 4 as potential riparian woodrat habitat. Because the 
distribution of many of the species in the Plan Area is limited by their current distribution 
and dispersal abilities, the potential for colonization of restored areas should be 
identified using spatially explicit information. In the case of the riparian brush rabbit and 
riparian woodrat, a specified number of acres of riparian woodland should be restored 
within their potential range in the Plan Area. 
The issue of the management of terrestrial communities and covered species is 
addressed in very broad terms in Chapter 5. In some cases there is mention of 
maintaining communities in a successional state that will make it suitable for a particular 
species (e.g., early successional riparian forest for riparian brush rabbits and western 
yellow-billed cuckoo), but many of the uncertainties surrounding long-term management 
of species and habitats are subsumed into adaptive management. Adaptive 
management is unlikely to succeed unless clear targets and thresholds for alternative 
management approaches are identified. 

2.  How complete is the Effects Analysis; how clearly are the methods described? 

Summary 
The Effects Analysis is a monumental effort incorporating over 745 pages of text and 
another 4,500 page of supporting appendices. The assessment covers potential 
changes in the physical environment, natural communities (12), fish (11 species), 
wildlife (25) and plant (12) species associated with BDCP. For fish species, 12 different 
categories of stressors and 32 attributes were examined over four different life stages. 
As many as 14 different operating scenarios were examined from the status quo to the 
long-term effects of BDCP implementation with climate change. For terrestrial species, 
areas of habitat loss and gained through management actions were examined.  
Chapter 5 provides an overview of the spatial and temporal scope of the analysis, 
definitions of project baselines that differ depending on regulatory authority, recognition 
of climate change information, identification of a variety of models used to evaluate 
effects, treatment of viable salmon population criteria, and the approach to determining 
net effects on fish and wildlife. Biological goals and objectives were identified; this is 
important because the Effects Analysis should address each biological objective. 
As might be expected, with the size of the Effects Analysis task, the quality of the 
assessments ranged in scientific rigor based on the amount of available data and best 
available science. Some aspects of the assessment, e.g., such as water quality and 
flow, were quantitatively assessed using sophisticated mathematical models. Aspects of 
the Chinook salmon assessment were also based on empirical data and process-based 
models. However, for many of the other fish species and their potential stressors, 
conceptual models supported by the scientific literature were the only recourse. In the 
case of Effects Analysis on fish, a workshop of professional biologists was used to 
incorporate feedback and to better express levels of uncertainty associated with 
assessment conclusions. The distinction between conclusions drawn from quantitative 
models and conceptual models was made clear.  
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The vastness of the Effects Analysis report and appendices is both its strength and 
weakness. In order to draw conclusions regarding effects of individual stressors or net 
effects on a species, it was often necessary in the report to draw on information from a 
number of appendices or other sections of the report. In many cases, these sections 
were not referenced or the specific findings of those sections not restated. This leaves 
the reader to hunt for the pertinent facts. It also appears at times that conclusions are 
based on a select subset of the facts that influence both the strength and certainty of 
the conclusions.  
Because the variety of topics that the BDCP covers, how clearly the methods are 
described varies between topics. Several panelists gave input into Question 2 based on 
their areas of expertise. 

Covered Fish 
Approximately 72% of the objectives for covered fish could not be fully evaluated at this 
time due to insufficient information. The overall net effects conclusion for each species 
seemed to be based on the judgment of the authors, rather than a systematic ranking of 
attribute importance, change in response to the BDCP, and uncertainty in the rankings. 
Sixteen life cycle models for Covered Species were examined for applicability to the 
BDCP, but only two were deemed to be relevant, although the Panel is concerned about 
the exclusion of some life-cycle models. A systematic approach for synthesizing the net 
effect on each Covered Species was not used even though a ranking system was 
described that could have been used as a semi-quantitative scoring approach. Instead, 
professional judgment was used to assess the overall net effect. 
In section 5.5, the text describes a numeric ranking for evaluating the importance of the 
attribute to the species, and the effect of the BDCP action on the attribute. The 
summary table (e.g., Fig. 5.5.1-5) was extremely difficult to read, used text to describe 
the effect (zero to high) and color to describe certainty. A small, essentially illegible “-“ 
sign identified negative rankings. This summary table needs to be redesigned to 
improve readability. 
No major omissions for the scientific literature or failure to use best available data were 
found in the Effects Analysis. However, the Effects Analysis did not develop new 
methods when gaps in assessment capabilities were encountered. For example, no 
attempt was made to modify any of the existing delta smelt models for the express 
purpose of this assessment. 
An inevitable risk in using any mathematical model is extrapolation outside the range of 
the model. This extrapolation is likely whenever projecting to environmental conditions 
that have not yet occurred such as the changes that could be brought about by the 
BDCP. It is imperative that model-based assessments clearly state when such 
extrapolation is occurring and the potential direction of bias that might likely arise.  

Hydrodynamics 
The coupling of the multi-D, DSM2, and CALSIM II models is not a standard method 
that would naturally be understood by the reader. The documentation for this coupling is 
part of the EIS documentation, not part of the BDCP documentation. A short summary 
of the method should be included in Chapter 5. 
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Terrestrial species 
The methods for the terrestrial species are adequately described in the various 
appendices (but see specific comments on the description of the methods for the habitat 
restoration in Appendix 5.J.B). 

Recommendations 

Over-arching recommendations 
• Include a table of cross-references for each section or appendix referenced in the 

Net Effects. 
• Add formal comparisons of model results in the Effects Analysis and appendices. 
• Include within the Net Effect sections, discussions of contradictions or non-

supportive facts in order to better capture some of the uncertainty in the 
conclusions. 

• Emphasize the following Effects Analysis statement: “These expectations 
represent a working hypothesis of the relationship between actions, stressors, 
and biological performance.”   

Covered fish 
• Model-based assessments should clearly state when extrapolation is occurring 

and the potential direction of bias that might likely arise.  
• Redo the format of the effects on attributes summary tables (e.g., Fig. 5.5.1-5) to 

improve readability. 

Hydrodynamics 
• A short summary of the method to inter-link multi-D hydrodynamic models, 1-D 

(DSM2) models, and CALSIM II should be included in Chapter 5. 

Comments 

Effects on Covered Fish 
Chapter 5 addressed topics that it should address given information available at this 
time. Chapter 5 provides an overview of the: 

• spatial and temporal scope of the analysis 
• definitions of project baselines that differ depending on regulatory authority 
• recognition of climate change effects on future conditions 
• identification of BDCP actions 
• identification of a variety of models and their limitations for evaluating BDCP 

effects 
• an ESA take assessment including effects on viable salmon population criteria 
• a qualitative approach for determining effects of each attribute on species habitat 

and performance 
• an approach for classifying certainty of the effects analysis, and 
• a description of the approach for evaluating overall net effects of the BDCP on 

each fish and wildlife species.  
Additionally, biological goals and objectives were identified in Chapter 5. Identification of 
biological goals and objectives in Chapter 5 is important because the Effects Analysis 
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should address the ability of the BDCP to achieve each biological objective. However, 
Chapter 5 states that approximately 72% of the objectives for covered fish could not be 
fully evaluated at this time due to insufficient information. It is noted in Chapter 5 that 
these information needs would be incorporated into monitoring and research actions, 
which are described in Section 3.6 (not reviewed by the Panel). Given the incomplete 
information, the Effects Analysis states, “These expectations represent a working 
hypothesis of the relationship between actions, stressors, and biological performance.”  
This is an important statement that should be highlighted in Chapter 5 rather than in the 
middle of a paragraph on page 5.2-36.  
Implementation of methods for evaluating BDCP effects was not readily transparent. 
Section 5.5 describes a numeric ranking approach for evaluating 1) the importance of 
the attribute to the species, and 2) the effect of the BDCP action on the attribute. 
Rankings reportedly ranged from -4 to +4. These two values were reportedly multiplied 
to develop a ranking of effect for each attribute. Certainty was reportedly evaluated 
using the same numerical ranking approach for both the importance of the attribute on 
the species and the BDCP effect on the species attribute. This approach seems 
reasonable given the limitations of existing information, and the evaluation would be 
transparent. However, the numeric values of these rankings were not presented or 
discussed in the BDCP. Instead, figures were presented (e.g., Fig. 5.5.1-5) that used 
text to describe the effect (zero to high) and color to describe certainty. A small, 
essentially illegible “-” sign identified negative rankings. It was not clear whether this 
summary figure incorporated the importance of the attribute to the population, although 
importance of the attribute was often described in the text.  
The numeric ranking approach described above was not used to evaluate net effects of 
the BDCP on each species, even though it seems that it could have been used and 
compared with the professional judgment evaluations. Instead, the overall net effects 
conclusion for each species seemed to be based on the judgment of the authors, rather 
than a systematic ranking of attribute importance, change in response to the BDCP, and 
uncertainty in the rankings. Chapter 5 notes that its conclusions were compared with 
professional judgments of agency personnel provided during a series of workshops in 
August 2013. This is worthwhile, but a table showing the variability in the judgments 
would have been useful as a means for indicating variability in the assessment 
rankings. 
The Panel does not provide comments on methodologies presented in the technical 
appendices, except when discussed below. The level of detail in the descriptions of 
methodologies in the appendices varies considerably. In many cases, the original 
document must be consulted for a description of the methodology. Given the variety of 
information sources, referral to the original report for methodology was not unexpected. 

Hydrodynamics 
One of the issues that had to be worked through with the hydrodynamic models for the 
Effects Analysis was how to use hydrodynamic models that were designed for the 
current bathymetric configuration of the Delta and the watershed. The CALSIM II model 
is a watershed optimization model that has operational criteria based on salinity 
intrusion into the Delta. Changing main point of diversion in Conservation Measure 1, 
adding ROAs in Conservation Measure 3, and factoring in climate change (especially 
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sea level rise), all change the circulation patterns in the Delta and the associated salinity 
intrusion. It is necessary to use the physically based multi-dimensional hydrodynamic 
models to first calculate hydrodynamic parameters (stage and flow) and salinity 
throughout the system. Because the multi-dimensional models are computationally 
intensive to run, the results of the multi-dimensional models are used to calibrate the 
DSM2 (1-D) model. The DSM2 (1-D) model is then used to create the relationship 
between salinity intrusion and river input flows. This river inflow-salinity intrusion 
relationship is what CALSIM II needs for optimization. 
The coupling of the multi-D, DSM2, and CALSIM II models is not a standard method 
that would naturally be understood by the reader. The documentation for this coupling is 
part of the Environmental Impact Statement documentation, not part of the BDCP 
documentation. A short summary of the method should be included in Chapter 5. 

Effects on Terrestrial Species 
The methods for the terrestrial species are adequately described in the various 
appendices (but see specific comments on the description of the methods for the habitat 
restoration in Appendix 5.J.B). 

3.  Is the Effects Analysis reasonable and scientifically defensible? How clearly 
are the net effects results conveyed in the text, figures and tables? 

Summary 
The effects analysis covers a multitude of topics. Each panelist provided input into 
Question 3 based on their areas of expertise. 

Overall approach to determine net effects 
The Effects Analysis, particularly for covered fish, tries to incorporate information on 
potentially beneficial or detrimental effects covering 12 different stressors, 32 attributes, 
and multiple life stages using best available information and science. Only a perfect life 
cycle model with perfect information on all the effects and their interactions could 
possibly weight the results correctly and draw unambiguous conclusions. Any and all 
actual effects analyses are far from that measure of perfection, including the BDCP. The 
effect summary figures (e.g., Figure 5.5.2-5) attempt to illustrate the multidimensional 
aspects of the assessment process and, along with the Net Effect narratives, try to 
convey an overall assessment conclusion. A serious limiting factor of the current 
cumulative Net Effects is a near complete absence of any explicit weighting (in 
summary tables) of the biological importance of the many attributes under consideration 
(e.g., Figure 5.5.1-5). Size and direction of anticipated effects on the attributes is 
provided in the summary figures, along with color coding levels of certainty. Even 
though summary tables show values for each life stage, what cannot be discerned is 
whether any critical life stages or attributes are being adversely affected by the BDCP. 
Consequently, it is also unclear whether the Net Effects conclusions are correctly taking 
critical life stages into account when deriving overall Net Effects conclusions.  
The approach to net effect conclusions needs to be reconsidered and revamped. The 
net effect summary figure (e.g., Figure 5.5.2-5) does not include the relative importance 
of the categories (e.g., food, entrainment, etc.). Without incorporating their relative 
importance in the summary figure, net effect conclusions are potentially meaningless 
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and uncertainty cannot be characterized. The net effect conclusions for a fish species 
need to therefore take into account the relative importance of the various categories, 
make them explicit, and interpret Plan effects within that context on a species-by-
species basis. 

Covered Fish 
The Effects Analysis does not adequately defend conclusions regarding the net effects 
of the BDCP, including habitat restoration. Habitat restoration certainly has the potential 
to increase the productivity of species such as salmonids, but the literature contains 
relatively few studies documenting the population response of salmonids to habitat 
restoration. The conclusion statements from Chapter 5 (and/or the Executive Summary) 
tend to overstate the beneficial effects of BDCP for many different fish populations (e.g., 
salmonids, delta smelt, green and white sturgeon). The net effects analysis tends to 
over-reach conclusions of positive benefits for covered fish species, given the inability to 
quantify the overall net effect and the realization of high uncertainty. 
Key issues/questions that still need to be address for covered fish include: 

1. The importance of interactions between BDCP flows and habitat restoration. 
2. Will the migrant life history sufficiently benefit from conservation measures to 

offset moderate negative impacts related to reduced spring flows? Migrant 
salmonids may benefit less from conservation measures, and may experience a 
negative net effect. 

3. To what extent is foraging habitat and exposure of foraging salmonids to 
predators affected by reduced spring flows? 

4. The text does not distinguish between hatchery versus wild salmonids in the 
analysis. 

Conceptual Models 
In general, the conceptual models for dissolved oxygen and contaminants are well 
developed, although consideration of nutrient form and nutrient ratios (e.g., Glibert et al. 
2011) would be a nice addition given the interest and recent publications on these 
topics. Also, algal toxins could be an attribute for monitoring to reduce uncertainty in 
contaminants and food web conceptual models. 
Although there are good synthetic conceptual models developed for the Bay-Delta 
longfin smelt population encapsulated in the Effects Analysis (e.g., Baxter 2010; 
Rosenfield 2010), the conceptual model is still constrained by the lack of a life-history 
model that would elucidate the role of prey composition and abundance in population 
dynamics. 

Food Webs 
Restoration of tidal wetlands (and other communities) is highly uncertain and at least an 
extremely long process. The Effects Analysis does not adequately justify the critical 
assumption of the benefit of tidal wetland restoration as a food web subsidy for covered 
pelagic fish given the uncertainties of tidal wetland restoration itself. The conceptual 
model of the food web appears to include many of these processes. However, within the 
narrative current understanding as well as the implications of inherent uncertainties are 
not fully explored.  
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Organic matter subsidies to the Delta Food Web 
There is an expectation that restoration activities will result in increases in abundance of 
lower trophic levels but the structure of the lower food web will be critical in whether this 
increased production can support covered species. Not only quantity, but also quality of 
the primary production that is supported by restoration activities is important. Water 
residence time within ROAs and other characteristic transport timescales for Delta 
channels are not the only factors to consider. The type of phytoplankton primary 
production that is stimulated is highly uncertain and likely dependent upon water 
temperature, nutrient concentrations, vertical mixing and grazing. In addition, an 
increased residence time may promote toxigenic cyanobacteria (Microcystis 
aeruginosa). 

Hydrodynamics and physical changes at export facilities 
For hydrodynamic modeling, only one set of ROAs were modeled. Because the 
locations of these assumed ROAs are not being presented to the public, there are 
details of the hydrodynamic modeling that cannot be factored into the Panel’s evaluation 
of the Effects Analysis. 
Conservation Measure 1 now includes significant modifications to Clifton Court Forebay. 
This region has been identified as a predation hot spot by multiple studies. Reduction in 
predation hot spots should be considered in the physical design. 

Terrestrial species 
The Effects Analysis for terrestrial species focuses almost exclusively on a simple 
summation of the number of acres of suitable habitat that are removed or restored for 
each species by the conservation measures. The simple accounting approach does not 
consider landscape-level effects such as connectivity and patch size nor does it take 
into account differences in habitat quality. 

Recommendations 

Overall approach to determine net effects 
• Clearly indicate on effect summary figures (e.g., Figure 5.5.2-5) both beneficial 

(+) and detrimental (−) effects.  
• In order to incorporate biological importance into the Net Effects process, the 

rows (i.e., categories, attributes) of the effects figures (e.g., Figure 5.5.21-5) 
could be ranked or rearranged in clusters according to biological importance for 
the specific species (e.g., high, medium, low). In this way, it would be easier to 
assess whether any biologically important attributes are likely to be negatively 
impacted and at what level of impact. It will also allow readers to discern whether 
any biologically important attributes also have high levels of uncertainty assigned 
to them. 

• From the August 2013 Covered Fish workshops, it would be valuable to include 
in the Net Effects summary, what fraction of the attendees agreed with the Net 
Effects conclusions (i.e., direction, amplitude and level of certainty). 
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Covered fish 
• Examine and re-write conclusion statements about population net effects in both 

Chapter 5 and the Executive Summary to objectively express the range in 
anticipated population effects. 

• Evaluate effects of conservation measure attributes on species while considering 
all other potentially interacting conservation measures. 

• Consider relative abundance of salmon life histories when evaluating net effects 
on each species. 

• “Wild” salmonids should be considered separately from hatchery fish whenever 
possible. 

Conceptual Models 
• Consideration of nutrient form and nutrient ratios (e.g., Dugdale et al. 2007; 

Glibert et al. 2011) would be a nice addition to food web models given the 
interest and recent publications on these topics.  

• Algal toxins could be an attribute for monitoring to reduce uncertainty in 
contaminants and food web conceptual models. 

Food Web  
• A simple surface area versus water volume calculation would provide a first-order 

estimate of potential food subsidy to open water habitats of the low salinity zone.  
• Evaluate and compare the magnitude and temporal and spatial variation in the 

multiple organic matter subsidies to the Delta food web. 
• Incorporate into the Effects Analysis the idea that tidal wetland restoration may 

mitigate some of the nutrient loading into Delta by acting as a nutrient sink 
through emergent vegetation production, phytoplankton production as well as 
fluxes to the atmosphere via denitrifcation. 

• Estimate the potential food web subsidy attained based on the degree to which 
habitats are connected hydraulically to Suisun and Grizzly Bays. These areas 
could serve as “proof of concept” for other, unidentified Restoration Opportunity 
Areas. 

Hydrodynamics and physical changes at export facilities  
• When Conservation Measure 3 is implemented, the details of the connection 

between the Restoration Opportunity Areas and the adjacent channels and the 
order in which the Restoration Opportunity Areas are established need to be top 
design criteria. 

• Since Conservation Measure 1 is proposing significant physical changes be 
made to Clifton Court Forebay, the identified predation hot spots within Clifton 
Court Forebay should be considered in the re-design. 

Terrestrial species 
• Landscape-level effects should be considered. 
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Comments 

Effects on Covered Fishes 
A Comprehensive Summary Figure Would Be Useful. For specific actions affecting 
covered fishes, the Effects Analysis summarizes findings of multiples investigations 
when available and often qualifies the findings with opinion statements of how important 
the attribute might be and how certain the finding is. This assessment by the authors of 
the Effects Analysis is often compared with a summary of conclusions, including a 
statement of uncertainty, developed from a workshop with agency personnel in August 
2013. This approach is reasonable given the information available, but as noted 
elsewhere, improvements could be made to systematically summarize 1) the relative 
importance of the attribute, 2) the level of change caused by BDCP implementation, and 
3) the certainty of this evaluation. The relative importance of an attribute was often 
provided within the narrative of Chapter 5, but a comprehensive table or figure 
summarizing this metric was not presented along with the effect of the BDCP on the 
attribute and the certainty associated with the rankings. A comprehensive summary 
figure is a key step leading to the overall net effect determination for each species. This 
figure would also enhance transparency in the final professional judgment of net effects. 
Furthermore, some sections of the Effects Analysis did not seem to reach a conclusion 
or describe the certainty about the findings, e.g., text description of Feather River flow 
effects on spring Chinook (see Feather River discussion below).  
Salmonid Life History Increases Uncertainty. Salmonids have a variety of juvenile life 
history types that result in differential use of Delta habitats over time. The Effects 
Analysis characterized these life history types as foragers and migrants. Foraging 
juvenile salmonids are younger, smaller and typically inhabit shallower habitats 
compared with larger, older yearling salmonids that pass through the Delta relatively 
quickly. Recognition and consideration of these two life history strategies in the BDCP 
Effects Analysis (e.g., Fig. 5.5.3-4) is important. However, as noted below, the complex 
life history of salmonids, including life history differences between wild and hatchery 
origin fish, leads to greater uncertainty in the overall net effect of the BDCP actions on 
salmonid populations. 
Literature Shows Major Restoration Needed to Improve Fish Populations. The Effects 
Analysis does not adequately defend conclusions regarding the net effects of the 
BDCP, such as habitat restoration, on fish species. Habitat restoration certainly has the 
potential to increase the productivity of species such as salmonids, but the literature, 
including published papers and technical reports, contains relatively few studies 
documenting the population response of salmonids to habitat restoration (see reviews 
by Roni et al. 2008, 2011). Findings in the literature on the response of salmonid 
populations to habitat restoration was not adequately addressed in the Effects Analysis 
when describing the net effect of each species, although the methods section 
(5.2.7.10.3) did provide a reference by NMFS stating that quantitative linkages between 
specific habitat actions and viable salmonid population criteria is difficult. The difficulty in 
documenting population responses to habitat restoration should be recognized and 
addressed with large and strategic habitat restoration projects and detailed monitoring. 
For example, in a comprehensive evaluation of salmon responses to habitat restoration 
in Puget Sound, Roni et al. (2011) concluded: 
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“Given the large variability in fish response (changes in density or abundance) to 
restoration, 100% of the habitat would need to be restored to be 95% certain of 
achieving a 25% increase in smolt production for either species. Our study 
demonstrates that considerable restoration is needed to produce measurable 
changes in fish abundance at a watershed scale.” 

Conclusions Often Overstate Beneficial Effects. The Panel believes that the net effects 
analysis tends to over-reach conclusions of positive benefits for covered fish species, 
given the uncertainty and inability to quantify the overall net effect. Given the findings of 
Roni et al. (2011), it may be inappropriate to extend an uncertain but potentially positive 
effect conclusion to statements about species conservation, especially under future 
climate scenarios. For example, the following grand conclusion statements from 
Chapter 5 (and/or the Executive Summary) tend to overstate the beneficial effects of 
BDCP: 

“The magnitude of benefits for winter-run Chinook salmon at the population level 
cannot be quantified with certainty. Nonetheless, the overall net effect is 
expected to be a positive change that has the potential to increase the resiliency 
and abundance of winter-run Chinook salmon relative to existing conditions.”  

Statements about increased resiliency and abundance are inappropriate given the high 
uncertainty expressed in the initial sentence. The statements tend to focus on the upper 
end of beneficial effects rather than a balanced analysis that might capture the range in 
net effects. The Panel underlined the questionable text. 
“The BDCP should help conserve the species in the Plan Area and help it cope with 
expected climate change….” The term “conserve” implies a large beneficial population 
effect for salmon that may help the population recover from ESA listing. Maybe the 
BDCP will lead to a positive effect, but the magnitude of the effect is uncertain, as 
stated above, so it seems inappropriate to imply the BDCP would eliminate attributes in 
the Delta that cause lower population viability. The life cycle models suggested climate 
change effects would overwhelm the evaluated BDCP actions on winter Chinook 
salmon.  
The following conclusion for delta smelt overstates and over-emphasizes the potential 
for significant beneficial effects (by emphasizing great potential) while also noting the 
conflicting conclusion of high uncertainty in the net effect: “While there is great potential 
for large benefits for delta smelt, there is a high level of uncertainty regarding the 
resulting effects. However, combined with the Fall X2 decision tree, the BDCP will have 
at least a minor beneficial effect on the species, but a great potential for larger benefits 
depending on actual food production and location of delta smelt population in relation to 
restored areas.” The high-end benefit is emphasized in the BDCP text. Perhaps there is 
higher certainty for a positive versus negative net effect but there is high uncertainty for 
the net effect of actions on the delta smelt population, ranging from little to high 
population effect. This evaluation would benefit by the removal of “great”.  
For green and white sturgeon, the BDCP concluded: “Therefore, the BDCP is expected 
to conserve both species in the Plan Area through improvements in abundance, 
productivity, life history diversity, and spatial diversity.” The term “conserve” implies a 
large beneficial population effect that was not supported by the evaluation. The 
conclusion statement also implies and therefore overstates measureable positive 
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changes to four population viability criteria. These benefits may reflect the goals of the 
BDCP, but the uncertain magnitude of benefits to sturgeon should not be described as 
improving abundance, productivity, life history diversity, and spatial diversity. 
Interactions between conservation measures. Interactions between BDCP flows and 
habitat was not adequately addressed in the report. For example, Table 5.5.3-4 shows 
that habitat units typically increased for foraging salmonids in response to habitat 
restoration, but the habitat analysis did not appear to consider whether salmonids would 
have access to the habitat during reduced flows under the BDCP scenarios (see Table 
5.E.4-1). For example, flows were expected to be ~15% to 20% lower during January to 
April when many foraging salmonids are rearing in the Delta area. In other words, how 
much rearing habitat is available and what is the habitat quality for foraging salmonids 
when flows have been reduced 10-20%? The Cache Slough region is one example 
where key habitat restoration sites might be affected by reduced river flows. Perhaps 
tidal fluctuations overwhelm river flows in some of the lower habitats, but this should be 
stated in the report. For foraging salmonids, do reduced flows of the BDCP negate the 
reported habitat gains from some restoration activities? Recommendation: evaluate 
effects of conservation measure attributes on species while considering all other 
potentially interacting conservation measures. This approach was taken for some 
measures (e.g., Delta Passage Model evaluations) but not all. 
Migrant salmonids may benefit less from conservation measures and may experience a 
negative net effect. The effect of each attribute on migrant versus forager salmonids 
was examined in Chapter 5, but summary Figure 5.5.3-2 did not capture differences in 
the assumed relative abundances of these life histories among the species. Plan area 
flows were typically ranked as a moderate negative effect on migrant salmonids in the 
Sacramento River and a low negative effect on foragers. However, this attribute was 
ranked the same for each salmonid species regardless of the proportion migrants 
versus foragers assumed in the population. The negative impact of reduced plan area 
flows should have been greater on Sacramento River species such as spring Chinook 
and steelhead that are dominated by migrant life histories.  
Migrant life histories are less likely to benefit from habitat restoration activities, which 
are a key focus of the BDCP conservation measures. This implies that spring Chinook 
and steelhead may experience less benefit from BDCP actions than other salmonid 
species, or they may even experience a negative net effect in response to reduced 
spring flows. The key question, which deserves more attention in the BDCP, is whether 
the migrant life history will sufficiently benefit from conservation measures to offset 
moderate negative impacts related to reduced spring flows. This question is key for 
spring Chinook and steelhead that are composed mostly of migrant life histories.  
Characterize uncertainty in plan area flow effects on salmonid life history types. The 
Delta Passage Model (DPM) is a key tool for this evaluation because it predicts survival 
of migrant salmonids while considering river flows, passage into interior areas, 
entrainment to pumps, and passage into the Yolo Bypass. The survival model is largely 
based on Chinook salmon exceeding 140 mm in fork length, therefore the DPM does 
not represent foragers or smaller migrants, which are the target of the habitat 
restoration activities.  



P a g e  | 31 
 
The Effects Analysis states that it was assumed with moderate certainty that flow has 
high importance to foraging winter Chinook salmon, then notes that the moderate level 
of uncertainty reflects the relative lack of investigation on the influence of flows on 
smaller salmonids (Page 5.5.3-24, line 39-41). Moderate uncertainty is quite different 
from moderate certainty, which is also concluded in each salmonid summary figure 
(e.g., 5.5.3-4). If there is no information on how flows affect survival of smaller foraging 
salmonids in the Delta, it is difficult to accept a moderate level of certainty associated 
with the low negative impact of flows on foraging juveniles salmonids, especially when 
data suggest flow has a significant effect on larger salmonid (migrant) survival (Fig. 
5C.5.3-4). To what extent is foraging habitat and exposure of foragers to predators 
affected by reduced spring flows?  For winter Chinook and fall Chinook, the forager life 
history is the dominant type, indicating less certainty about the net effect of BDCP flows 
on these species compared with species dominated by migrant life histories that have 
been tagged and analyzed, e.g., Fig. 5C.5.3-4.  
Hatchery versus “wild” origin salmonids. The presence of hatchery salmonids is typically 
noted in the introductory descriptions of each salmonid species in Chapter 5. The 
degree to which hatchery salmonids contribute to the two life history types was not 
described, though hatchery fish are released as migrants. For example, 80% of juvenile 
spring Chinook were assumed to be migrants. To what extent was this due to the 
release of migrants from hatcheries given that some of the natural population produces 
primarily foragers? The text does not otherwise distinguish between hatchery versus 
wild salmonids in the analysis. Although some hatchery stocks are protected by the 
ESA, it would seem that wild salmonids would have a higher priority than hatchery-
produced salmonids, even though hatchery runs provide important role in the Central 
Valley and ocean fisheries. Perhaps resolution of effects and uncertainty inhibit 
analyses specific to wild salmonids. Nevertheless, wild salmonids should be considered 
independently from hatchery salmonids when possible.  
Do habitat actions only affect salmonid capacity and not productivity? Fig. 5.5.3-2 
shows BDCP effects on productivity of each salmonid species by attribute. No effect is 
shown for habitat attributes such as channel margin, floodplain, riparian, etc. In contrast, 
these attributes are scored in other Figures for each species, e.g., Fig. 5.5.3-4. Does 
this reflect an opinion that these habitat actions only increase the capacity of the habitat 
to support salmonids rather than habitat quality? 
Obtain more information from life cycle models. Life cycle simulations were only 
performed for winter-run Chinook salmon using the OBAN and IOS models. 
Comparison of through-delta survival and adult returns by management scenario (Table 
5.G-2) was very useful. One way to compare and evaluate the two models is to assess 
consistency in the management scenario rank (best to worst) for the various response 
variables. For instance, if the same management scenario always ranks first, then that 
would indicate high level of consistency and support for that conclusion. On the other 
hand, if management scenario rankings varied greatly between assessments then 
conclusions would have high degrees of uncertainty (See Table 1, below). 
Some life cycle models inappropriately excluded. Appendix 5G excluded delta smelt life 
cycle models in the Effects Analysis without adequate justification. Based on the 
premise of using the “best available science,” it is unclear how none of the delta smelt 
models could have reached that level of acceptance. One justification was that none of 
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the models used zooplankton data; however, the BDCP Net Effects assessment 
indicated zooplankton was only of moderate importance to delta smelts (Figure 5.5.1-5). 
It would therefore seem that some assumptions about zooplankton could have been 
made, allowing life-cycle modeling to be performed. Robustness studies could have 
accompanied the modeling process. Furthermore, if the BDCP team felt none of the 
delta smelt models to be adequate, why was there no investment made in model 
development for such an important species of interest? 

Net Effects 
The Net Effects summary figures (e.g., Figures 5.5.1-5, 5.5.2-5, etc.) are very useful for 
synopses for each fish species, but they are incomplete. It would be visually helpful to 
explicitly include both positive (+) and negative (–) signs for each combination of life 
stage and category. There continue to be discrepancies between conclusions regarding 
certainty and level of effect between the text and summary tables. The quantitative 
scoring method described on page 5.5.1 seems to be largely ignored. Instead, a 
qualitative ocular assessment of the summary tables seems to be applied separately to 
the certainty and level of effect dimensions. For salmonid species, weighting is 
discussed for migrant vs. foraging forms, but this too is seemingly ignored (or at least 
not mentioned) in the Net Effect conclusions.  
The approach to Net Effects conclusions needs to be reconsidered and revamped. The 
Net Effects summary figures (e.g., Figure 5.5.2-5) do not include the relative importance 
of the categories (e.g., food, entrainment, etc.). Without incorporating their relative 
importance, Net Effects conclusions are potentially meaningless and uncertainty cannot 
be characterized. Levels of uncertainty have different weight depending on the 
importance of the various categories. An assessment might have high uncertainty for all 
low importance categories and still have high overall certainty if all the important 
categories carry with them high certainty. Conversely, the overall assessment would 
have low certainty, if one or more of the high importance categories carry high 
uncertainty. The Net Effects conclusions for a fish species needs to therefore take into 
account the relative importance of the various categories, make them explicit, and 
interpret Plan effects within that context on a species-by-species basis. Uncertainty plus 
uncertainty is more uncertainty. Uncertainty never averages or cancels out uncertainty; 
any more than noise plus noise is less noise. One graphical approach to conveying 
importance of the various categories and attributes is to order or group the rows of the 
figures according to their importance for a particular fish species. It would then be 
possible to see if any detrimental effects of the BDCP are associated with any important 
biological processes or not.  
Life-cycle simulations were only performed for winter-run Chinook salmon (i.e., models 
OBAN and IOS). Comparison of through-Delta survival and adult returns by 
management scenario (Table 5.G-2) was very useful. One way to characterize model 
consistency is to assess how consistent the management scenarios rank (best to worst) 
across the models and different response variables. For instance, if the same 
management scenario always ranks first, then that would indicate a high level of 
consistency and support for that conclusion. On the other hand, if management 
scenario rankings varied greatly between assessments, conclusions would have a high 
degree of uncertainty.  
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Restoration of tidal wetlands (and other communities) is highly uncertain or at least an 
extremely long process 
Restoration of tidal wetlands is considered in detail in the section on aquatic food webs 
(Question 12). In general, tidal wetland restoration of biological function is quite difficult 
with respect to ecosystem processes beyond tidal flux and especially with respect to 
ecological equivalency to comparable natural wetlands. This has been reviewed in a 
number of studies and conclusions have remained consistent over the past two or three 
decades (e.g., Kentula 1996, Simenstad and Thom 1996, Zedler and Callaway 1999, 
BenDoer et al. 2009, Moilanen et al. 2009). 
Lack of specificity in Restoration Opportunity Areas limits conclusions of many aspects 
of Effects Analysis 
For the hydrodynamic modeling, only one set of Restoration Opportunity Areas were 
modeled. (See discussion of implementation of models in Question 2.) Because the 
locations of these Restoration Opportunity Areas are not being presented to the public, 
there are details of the modeling that cannot be factored into the Panels evaluation of 
the Effects Analysis. As examples: 1) in Panel Question 7, the placement of the 
Restoration Opportunity Areas influences reverse flows in Georgiana Slough, 2) the 
calibration of the 1-D model based on the 2-D model results is sensitive to Delta Cross 
Channel operations, which could be the result of Restoration Opportunity Areas 
representation in the system. (See question 5 Restoration Opportunity Areas modeling 
discussion.)  When Conservation Measure 3 is implemented, the details of the 
connection between the Restoration Opportunity Areas and the adjacent channels and 
the order in which the Restoration Opportunity Areas are established need to be top 
design criteria.  
Clifton Court Forebay physical changes need more evaluation before implementation 
because of its reputation as a predation hotspot 
Conservation Measure 1 now includes significant modifications to Clifton Court Forebay. 
These modifications include building a wall in Clifton Court Forebay to create two 
separate regions, the north region would receive water from the North Delta pump 
facilities and the south region would receive water from the existing south Delta 
channels. In addition, the current size of the Clifton Court Forebay would also be 
enlarged by flooding an adjacent tract of land to the south. Based on the public panel 
discussion with ICF and the Fish agencies on January 29, 2014, the philosophy behind 
the modifications is that the water coming from the North Delta facilities will have 
already been pre-screened for critical fish species. Therefore, there would be significant 
savings in not filtering north Delta diversion (NDD) water through the south Delta fish 
screening facility.  
ICF acknowledged that this is a newer element of the design for Conservation Measure 
1. There was no documentation in Appendix 5.H (Aquatic Construction and 
Maintenance Effects) regarding this construction. The building of a dam in the center of 
Clifton Court Forebay and dredging another tract should be considered in Appendix 5.H.  
Clifton Court Forebay has been identified as a predation hot spot by multiple studies. 
The Fish Predation science panel (Grossman et al. 2013) stated in their final report that: 
“Clifton court Forebay (CCFB) has been identified by multiple sources as an 
inhospitable location for salmonids. Within CCFB several areas are particularly 
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hazardous including: 1) the deep scour hole just inside CCFB by the radial gates; 2) the 
trash gates in front of the Tracy Fish Collection Facility; and 3) section of Old River 
adjacent to the radial gates.” Since Conservation Measure 1 is proposing significant 
physical changes be made to Clifton Court Forebay, these predation hot spots should 
be considered in the re-design. 

Delta Food Web 
5.3.38 Cache Slough and Suisun Marsh Restoration Opportunity Areas are suggested 
as areas of substantial increase in Prod-Acres. Given that these Restoration 
Opportunity Areas are defined, some work could be done to estimate the potential food 
web subsidy attained based on the degree to which habitats are connected hydraulically 
to Suisun and Grizzly Bays. These areas could serve as “proof of concept” for other, 
unidentified Restoration Opportunity Areas. An interesting outcome of such an exercise 
would be a determination of the potential for  export and trophic transfer (a positive 
outcome) versus localized cultural eutrophication, increased biochemical oxygen 
demand and dissolved oxygen sags in tidal sloughs (negative outcome). 
The discussion of water residence time throughout the Delta (Section 5.3.36) suggests 
an increase of 3 to 4 days as compared to the current configuration. But this analysis is 
also site-specific. The approach used to calculate residence time is also of concern. The 
residence time in each Restoration Opportunity Areas is a function of bathymetry, the 
exchange between the Restoration Opportunity Area and the adjacent channels. The 1-
D DSM2 model does not have the capability to calculate this parameter. In addition, 
because the specific locations and configurations of the Restoration Opportunity Areas 
are not presented in the Effects Analysis, the panel has no basis to comment on the 
validity of the approach. 
The phytoplankton productivity model that results in Prod-Acres is limited in terms of 
prediction or certainty in outcomes. Again, it comes down to a question not only of 
quantity but also quality of the primary production that is supported. The result of longer 
residence time is likely to increase phytoplankton primary production (i.e., “slower is 
greener”) this may not hold when invasive clams are introduced to the system (Lucas 
and Thompson, 2012). Additionally, the type of phytoplankton primary production that is 
stimulated is highly uncertain and likely dependent upon water temperature, nutrient 
concentrations, vertical mixing and grazing. Lehman et al. (2013) suggested that 
increased residence and warmer water temperatures in excess of 19 - 20° C will 
promote toxigenic cyanobacteria including Microcystis aeruginosa. It should be 
recognized that Microcystis is only one potentially important toxigenic cyanobacteria in 
the Bay-Delta – Aphanizomenon was abundant in 2011 and 2012 in the Bay-Delta 
(Karobe et al. 2013).  
Tidal wetland restoration may mitigate some of the nutrient loading into the Delta by 
acting as a nutrient sink through emergent vegetation production, phytoplankton 
production as well as fluxes to the atmosphere via denitrifcation. These ideas are not 
considered within the Effects Analysis. The decay of large amounts of invasive aquatic 
vegetation (a result of control measures) also has the potential to increase biochemical 
oxygen demand and inorganic and organic nutrient supply; this may shift phytoplankton 
community composition and promote local eutrophication. This issue is raised in a 
single bullet point on page 5.F-130, line 26 
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Terrestrial Species 
Rather than using current estimates of habitat occupancy within the Plan Area to 
estimate occupancy of restored habitat, we recommend using spatially explicit 
occupancy models (see comments under question 4). In addition, the minimum width 
and maximum distance of riparian habitat corridors should be identified for terrestrial 
mammals that are restricted to riparian habitats (riparian woodrat and riparian brush 
rabbit). Persistence of these species in the Plan Area requires riparian habitat patches 
that are sufficiently large to support stable populations as well as riparian corridors that 
will allow movement between suitable habitat patches. Both the minimum patch size 
and minimum corridor parameters (width, distance, overstory cover) should be specified 
to ensure long-term occupancy of restored riparian habitat. 

4.  How well is uncertainty addressed? How could communication of uncertainty 
be improved? 

Summary 
A broad consensus exists among the Panel that Chapter 5 does not adequately address 
uncertainty. In its current form, at the level of detail conveyed, in the models used, and 
in the verbal assessments and conclusions, the level of uncertainty is downplayed. 
Within appendices sometimes more explicit discussion of uncertainties can be found, 
but a disconnect exists between the summary pages with the conclusions drawn in 
Chapter 5. In situations in which an array of outcomes may be possible, only the more 
beneficial outcomes are quantitatively assessed or used in conclusions about the 
BDCP. Communication of uncertainty would be improved by consideration of a range of 
potential outcome values in models.  
The Panel cannot determine whether the conclusions about covered fish species or 
other species in the BDCP are accurate. Detailed monitoring is needed to evaluate the 
BDCP conclusions, in addition to the outcomes for the biological objectives that could 
not be fully evaluated at this time in the BDCP. The BDCP effects analyses are 
qualitative and conclusions regarding net effects on each species typically reflect 
professional opinion. Therefore, the Effects Analysis does not lend itself to evaluation of 
chained statistical uncertainties. The tremendous length of the documents did not 
reduce the uncertainty in the overall net effects. 

Recommendations 
• Unknowns and research needs should be incorporated into the BDCP as explicit 

conservation measures, in other words, as a required part of the BDCP. 
• Monitoring needs, timing and intensity also need more explicit incorporation into 

the BDCP. While often well explicated in an appendix (e.g., within Appendix 5.F- 
Biological stressors on covered fish), they are frequently absent within the 
material discussed in Chapter 5 or treated as an uncertainty. 

• Research needs are often mentioned as sections within appendices. These 
should be consolidated within Chapter 5. This would help guide future research 
priorities for the Delta. 
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Comments 

Effects on Covered Fishes 
For covered fishes, when evaluating the importance of an attribute to a species and 
evaluating the effect of the BDCP on that attribute, the Effects Analysis was typically 
careful to describe the level of certainty associated with this evaluation. The evaluation 
of certainty was typically a judgment by the BDCP authors rather than a quantitative 
measure of certainty (e.g., standard deviation), therefore estimates of certainty have 
their own level of uncertainty. The Effects Analysis did not lend itself to evaluation of 
“chained statistical uncertainties” as identified in the charge questions addressed to the 
Panel because the effects analyses were not quantitative. Nevertheless, the judgments 
of certainty have value, though they could be improved upon (see below). 
Judgments of certainty were also compared with judgments provided by California 
agency scientists at the August 2013 workshops. However, identification of agency 
certainty seemed to be the interpretation by the BDCP authors of the agency response 
rather than a systematic evaluation of certainty scores. At the January 2014 Effects 
Analysis Panel meeting, ICF noted that they did not think it was possible to consistently 
document variability in Effects Analysis evaluations by agency personnel at the August 
2013 workshops. As a result, evaluation of certainty of BDCP effects on attributes of 
each species is limited to the interpretation of the BDCP authors.  
Please see discussion above on the overall net Effects Analysis for each species. 
Although conclusion statements typically stated high uncertainty in the overall net 
effects, they also tend to ignore uncertainty when highlighting the potential benefits to 
conservation without also stating the lower end of the effects range.  

Monitoring and Research 
As an example of the high uncertainty in the BDCP to achieve biological goals and 
objectives, many of the sections of appendices have sections on monitoring and 
research needs. These often highlight impacts of conservation measures in which the 
outcomes may have a range of positive to negative impacts. The unknowns and 
research needs should be better incorporated into the analyses of biological impacts of 
the BDCP. At a minimum they should be required as an explicit conservation measure. 
In a number of instances, especially in Appendices, for example Appendix 5.F, needs 
are highlighted for a robust monitoring and evaluation program, coupled with a detailed, 
prescriptive adaptive management plan. BDCP success will depend on monitoring and 
evaluations and responding to issues as they emerge. Furthermore, high uncertainty in 
the outcomes for the covered species means that budgets for monitoring and adaptive 
management must be developed with uncertainty in mind.  

Disconnect between uncertainty and BDCP conclusions 
Frequently, explicit modeling is reduced to small portions of conceptual models. When a 
range of potential outcomes may result from uncertainties in multiple conditions, only 
the most beneficial outcome is considered when coming up with a conclusion or 
summary. Some of these are discussed in other sections of this report. One example 
can be found in Appendix 5.F. When considering the impacts of some of the 
conservation measures, for example, Conservation Measure 13, removal of Egeria is 
discussed with multiple potential effects (Appendix 5.F, p. 5.F-48 and following), some 
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beneficial, such as removing habitat for predators of covered fish, while others may 
exacerbate populations problems for covered fish, such as cascading effects through 
the food chain of the loss of some invertebrates that feed on Egeria, shifts in aquatic 
web linkages, and the rapid replacement of Egeria by other invasive submerged aquatic 
vegetation. Nonetheless, these uncertainties are simply ignored when it comes to 
conclusions, where it is determined that only the beneficial results of control invasive 
aquatic vegetation will result from the BDCP (pp. 5.F-48-49). To be fair, occasionally the 
poorer results dominate conclusions; for example, Microcystis may increase due to 
management activities inside and outside the region but these conclusions fail to 
emerge in the discussion of the aquatic food webs within Chapter 5. 
The discussion of the aquatic food webs is based on a good conceptual model, but the 
dynamics of the food web are ignored and only a single component, phytoplankton 
productivity, is modeled as a result of restoration efforts in the relatively near- and far-
term. Detrital contributions could also enhance food webs, but are not considered in any 
detail. Phytoplankton productivity is unrealistically modeled, and assumed to essentially 
be consumed along linkages that connect directly to covered fish. Chapter 5 does 
mention invasive bivalves, but fails to incorporate their potential as direct competitors for 
plankton within the food web, even though that potential is discussed. In other words, 
the BDCP is inconsistent in how models and analyses handle uncertainty and model 
assumptions, making it difficult to complete assessment. 

Restoration 
Because this is discussed in other sections, we will only mention that there is great 
uncertainty associated with the restoration of the wide range of ecosystems slated for 
restoration. Many of these systems have a poor record of achieving restoration, 
especially in short-to-moderate time periods. This range of ecosystems also varies 
considerably in the degree of difficulty of restoring functions. Nonetheless, the outcomes 
for conservation measures and their interaction and effectiveness are glossed over and 
uncertainties are not apparent in conclusions and summary discussions. For example, 
wetland restoration will require considerable input of sediment in the short-term to meet 
the outcomes described in the BDCP. Yet Chapter 5 models tidal wetland restoration 
with a constant concentration of suspended sediment, even though the document 
discusses the fact that sediment has been declining over the past decades, and further 
that the operations of the north Delta pumps may remove 8-9% more. In other words, 
there is considerable inconsistency between a discussion of uncertainty and how 
uncertainty is incorporated into the conclusions.  
Similarly, restoration of many of the terrestrial habitats for other covered species also 
involves considerable uncertainty, especially as to the rate at which function will return 
that will be recognized by covered species. Consequently uncertainty of the occupancy 
targets for terrestrial species are not addressed. In all cases, a single value of number 
of acres that will be occupied is provided. No estimates of the uncertainty of achieving 
stated restoration goals nor uncertainty of the proportion of the restored habitat that will 
be occupied are included. 

North Delta Diversion 
In addition, the validity of the primary assumption that there will be no entrainment of 
fish at the north Delta diversion (NDD) should be evaluated. In reality, there will be 
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some fish lost at the transfer point; therefore, the empirical relationship would be altered 
including this additional transfer point. 

Water Clarity and Suspended Sediments 
Section 5.3-24 (lines 31-38) correctly identifies a low level of certainty around changes 
in water clarity but does not include the potential positive or negative implications for 
changes in water clarity.  
Suspended sediment is one of two key components driving the development of tidal 
wetlands in the Delta, especially under sea level projections, yet Delta inflow has been 
experiencing a decline in suspended sediment and operations of the NDD may remove 
8-9% more. BDCP indicates there may not be sufficient sediment for marsh restoration 
(Chap. 5, p. 109). 
The NDD operations should factor in suspended sediment into the operational criteria. 
Adaptive management should consider the possibility operating the NDD such that the 
first flush, which contains a large sediment load, is not exported. 

5.  How well does the Effects Analysis describe how conflicting model results and 
analyses in the technical appendices are interpreted? 

Summary 
The Effects Analysis covers a multitude of topics. Each panelist gave input into 
Question 5 based on their areas of expertise. 

Hydrodynamics 
Hydrodynamic models are sensitive to how the open water regions are represented and 
how they are connected to the adjacent channels. Because the panel was not provided 
the bathymetric configuration of the Restoration Opportunity Areas or the order in which 
the Restoration Opportunity Areas were established, it is not feasible to evaluate the 
sensitivity of the models to the placement of the Restoration Opportunity Areas. DSM2 
(1-D) and RMA/TRIM (mult-D) hydrodynamic models represent Restoration Opportunity 
Areas is differently. This could be a significant source of error, especially when Delta 
Cross Channel gates configuration is open.  

Life cycle models: winter Chinook salmon 
No formal comparison of output from the OBAN and IOS models was provided, either 
on an absolute scale or relative scale. It should be acknowledged that adult escapement 
differs between models by a factor of 5. Through-Delta survival projects were also 
fractionally different between models. In neither case was an explanation for the 
discrepancy provided. The relative ranking of the different BDCP scenarios (Table 5.G-
2) between models should be provided in the report, and certainly should be assessed, 
in part, based on the degree of consistency in predictions of the BDCP scenario ranks 
between models. 

Salmonids: Delta Passage Model 
For salmonids, the Delta Passage Model Salvage Estimates and the Salvage Density 
methods produced reasonably consistent estimates. Variance calculations need to be 
corrected. There appear to be analytical errors in expressing uncertainty. 
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Salmonids: Temperature Model 
The text is not clear how the models predict these changes associated with the BDCP 
during egg incubation, if the BDCP has no effect on upstream conditions, as reported in 
sections of Chapter 5. In spite of these conflicting results, Figure 5.5.4-1 shows that 
there would be zero effect on eggs in the Sacramento River with moderate to high 
certainty in this conclusion. This evaluation needs clarification and should be consistent 
with the Appendix. 

Terrestrial Species 
Suitable habitat for each species in the Plan Area was based on expert opinion and 
therefore there are no model results to interpret. The plan adequately addresses 
conflicting estimates of the number of sandhill cranes that may be killed by collisions 
with powerlines. 

Recommendations 

Covered fish 
• A direct comparison of the output from competing models should be presented.  
• Clarify confusing and conflicting text related to salmon models. 
• Explanation for the large discrepancies in predictions in adult returns (i.e., factor 

of 5) should be provided and possible consequences to Effects Analysis. Use of 
relative effects does not eliminate systematic biases of models.  

Hydrodynamics 
• Identify which Restoration Opportunity Areas are represented differently between 

the DSM2 and the RMA/TRIM models, especially in the Mokelumne system, 
which is sensitive to Delta Cross Channel operations. 

• Publications from that CASCaDE (http://cascade.wr.usgs.gov/index.shtm) would 
be resources to guide the evaluation of propagation errors in the BDCP Effects 
Analysis. 

Comments 

Life-cycle models 
When discussing IOS and OBAN life cycle modeling results, the Effects Analysis stated:  

“The results of both models suggest future climate change effects would 
dominate changes in adult winter-run Chinook salmon escapement in the future, 
which is of appreciable concern for the species. Factoring in climate change, 
relatively small differences in upstream conditions between the BDCP LLT 
scenarios and EBC2_LLT resulted in greater adult escapement under HOS_LLT 
or lower adult escapement under ESO_LLT and LOS_LLT. These results reflect 
what appears to be appreciable model sensitivity to relatively small changes in 
estimated upstream conditions because, as noted above, the BDCP does not 
change Shasta Reservoir and upper Sacramento River operating criteria, so that 
changes in upstream areas derived from modeling, be they positive or negative, 
may not be fully reflective of the nature of actual changes that could occur.” (pg. 
5.5.3-45, lines 38-46)  
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The above statement about climate change impacts on Chinook abundance is clear and 
noteworthy, but the text below it is confusing and should be clarified (did the model 
receive inaccurate information for upstream conditions?). 

 Chinook salmon 
For egg incubation of spring Chinook, Chapter 5 describes conflicting results (pg. 5.5.4-
14). The text states, “Several models show no change in upstream condition as a result 
of BDCP”. In the same paragraph, it states that SacEFT predicts a 12% reduction in egg 
incubation “condition” based on water temperature effects on egg survival. In contrast, 
the Reclamation Egg Mortality model predicts no effect due to the BDCP except in 
below normal water years (12% reduction in survival). SALMOD predicts negligible 
impacts of the BDCP on eggs, fry and smolt. The text concludes that the adverse 
impacts are related to high sensitivity of some models to small changes in upstream 
conditions. The text is not clear when describing how the models might predict these 
changes during egg incubation, if the BDCP has no effect on upstream conditions as 
reported in portions of Chapter 5. In spite of these conflicting results, Figure 5.5.4-1 
shows that there would be zero effect on eggs in the Sacramento River with moderate 
to high certainty in this conclusion. This evaluation needs clarification.  

• Habitat and flow modeling efforts in the Delta were not linked. As noted above, 
habitat suitability modeling indicates somewhat large habitat increases for 
foraging salmonids in response to restoration activities. However, these 
estimates of habitat did not account for reduced flows that would occur when 
juvenile salmonids are present in the Delta area, especially in wet years. In other 
words, will reduced BDCP flows affect access by juvenile salmonids to the 
habitat identified in Table 5.5.3-4, or do tidal fluctuations overwhelm river flows in 
all of these habitats? 

 Lack of consideration of propagation of errors or sensitivity analysis in linked models 
A direct comparison of the output from competing models is rarely presented. Results 
from different models are rarely formally compared on either an absolute or a relative 
scale. When different models projections exist, the BDCP rarely attempts to explain why 
the discrepancies are occurring or describe the direction of the expected errors. 
Uncertainty plus more uncertainty produces even more uncertainty. Uncertainty never 
averages or cancels uncertainty any more than noise plus additional noise produces 
less noise. The propagation of errors will not be a simple sum of uncertainties in most 
cases. One can use variance in stages formula 

𝑉𝑎𝑟�𝜃�� = 𝐸2�𝑉𝑎𝑟1�𝜃��2�� + 𝑉𝑎𝑟2�𝐸1�𝜃��2�� 
to propagate errors over multiple processes or sequentially linked models and where 1 
and 2 denote sources of error in estimating the parameter 𝜃 by 𝜃�. Levels of uncertainty 
have different credence depending on the importance of biological stressors or 
attributes. An assessment might have high uncertainty for all low-importance attributes 
and still have overall high certainty if all the important attributes carry with them high 
certainty. Conversely, the overall assessment would have low certainty if one or more 
high-importance attributes carry high uncertainty. Overall uncertainty will never be less 
than the highest level of uncertainty for the more important biological attribute being 
considered. 
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There are several different cases in the Effects Analysis where multiple models are 
linked together. Each model has inherent errors either due to assumptions made in the 
modeling or numerical method errors. One of the best examples of how to link models in 
the Delta system is the U.S. Geological Survey’s CASCaDE project 
(http://cascade.wr.usgs.gov/index.shtm). Publications from that project would be 
resources to guide the evaluation of propagation errors in the BDCP Effects Analysis. 

The assumptions made in hydrodynamic models TRIM/ RMA versus DSM2 or CALSIM2 
result in a range of outcomes; their analysis is limited to only one set of ROA 
configurations 

During the hydrodynamics presentation on 1/28, the calibration of the DSM2 (1-D) 
model compared to the TRIM/RMA (multi-d) models showed that the models agreed 
better when the Delta Cross Channel was closed than when the Delta Cross Channel 
was open. When the Delta Cross Channel is open, transport is influenced more by the 
circulation in the Mokelumne channels on the east side of the Delta.  
The fact that the two models do not match well when the Delta Cross Channel is open 
indicates that the representation of Restoration Opportunity Areas is different between 
the 1-D and 2-D models. Hydrodynamic models are sensitive to how the open water 
regions are represented and how they are connected to the adjacent channels.  
Because the panel was not provided the bathymetric configuration of the Restoration 
Opportunity Areas or the order in which the Restoration Opportunity Areas were 
established, it is not feasible to evaluate the sensitivity of the models to the placement 
of the Restoration Opportunity Areas. 

6.  How well does the Effects Analysis link to the adaptive management plan and 
associated monitoring programs? 

Summary 
While the adaptive management plan is considerably more developed in the BDCP 
Phase 3, it remains characterized as a silver bullet but without clear articulation about 
exactly how key assumptions will be vetted or uncertainties resolved to the point that 
the BDCP goals and objectives are more assured. The concept of adaptive 
management is appropriately described and allocated a prominent role in the 
implementation structure. However, as is increasingly documented, the commonly 
acknowledged process of adaptive management continues to be misunderstood and 
misapplied (Allen et al. 2011; Fontaine 2011; Westgate et al. 2013), often resulting in a 
loss of rigor and commitment in application. The consequence hasn’t improved much 
since Walter’s (1986) description of the adaptive management process as beginning: 

“…with the central tenet that management involves a continual learning process that 
cannot conveniently be separated into functions like research and ongoing 
regulatory activities, and probably never converges to a state of blissful equilibrium 
involving full knowledge and optimum productivity.” 

In the case of the uncertainties surrounding the assumptions and predictions of the 
BDCP, the Panel emphasizes that BDCP needs to recognize the risks of not 
institutionalizing an exceedingly rigorous adaptive management process in order to 
avoid ecological surprises that will be difficult or impossible to reverse once they have 
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established (Lindenmayer et al. 2010; Westgate et al. 2013). BDCP must make a 
commitment to the fundamental process, and specifically the required monitoring, not 
just the concept of adaptive management. As Murphy and Weiland (2014) counsel: 

“…adaptive management that targets listed species represents a complex process 
that can be resource intensive, including in its demand for guidance from research, 
monitoring, and modeling, therefore requiring substantial technical and institutional 
capacity. That considered, adaptive management has a great potential to improve 
the effectiveness and efficacy of resource management actions provided it is 
properly implemented.” 

In the final assessment of the Effects Analysis, the Panel found the cautionary 
conclusion of Olden et al. (2014) about large-scale flow experiments to be particularly 
germane: 

"…managers and policy makers must embrace both the scientific uncertainty and 
surprise learning opportunities that inevitably arise from these experiments, and not 
purposely ignore uncertainty to avoid complicating their message to stakeholders, 
only to later invoke this issue when flow experiments fail to deliver expected 
ecological or social outcomes." 

Recommendations 
• The Effects Analysis effectively communicates the important principles and 

implementation stages of adaptive management, but the specific process 
whereby adaptive management would be utilized to ensure BDCP meets its 
goals and objectives by rigorous adaptive management need to be described in 
much more detail. There needs to be a more obvious commitment to active 
adaptive management. 

• There is explicit linkage between key uncertainties underlying the assumptions of 
the Effects Analysis and the monitoring and research that need to address them 
through adaptive management. However, many of the critically uncertain 
ecosystem processes, population responses, etc. that are identified as adaptive 
management targets are delegated to research, rather than monitoring. Any 
metric upon which decisions about the expected or predicted performance of a 
management measure will be made should be a foundational monitoring metric, 
not a focus of research, which is often vulnerable to competing priorities. 

• To facilitate an active adaptive management plan that has some chance of 
ensuring the beneficial result of BDCP conservation measures, each and every 
key uncertainty should be “fleshed out” into implementable adaptive 
management “experiments” where the following are specifically described: (1) a 
conceptual model, or components of an existing model, that characterizes the 
uncertainty and what it influences; (2) assessment of the relationship between 
the uncertainty and the BDCP goals and objectives; (3) sensitivity of the 
proposed implementation to the uncertainty; (4) success criteria, monitoring 
metrics, baseline levels, thresholds and trigger points that will identify whether or 
when the performance of the conservation measure is deviating significantly from 
the anticipated target or prediction; (5) alternative hypotheses and how they 
affect the original conceptual model; and, adaptation of the (6) implementation 
action or (7) adaptation of the goals and objectives.  
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• Linkages between scientific development of the Effects Analysis and adaptive 
management should continue, if not expand, with implementation of the BDCP. 
At the minimum, consider the necessity to guarantee independent science review 
at the interface between the Adaptive Management Team and the 
Implementation Office, to ensure close to real time tracking of adaptive 
management experiments and decisions. 

Comments 
Perhaps the largest challenge to achieving the stated goals and objectives of the BDCP 
is how many of these critical uncertainties can be addressed by adaptive management 
given the baseline and the required monitoring? For example, some of the key 
uncertainties identified in the Effects Analysis (Appendix 3.D), often associated with 
conservation measures 4, 5, 7, and 11, include: 

• The ability of the restored habitat to meet the objectives and expected 
outcomes, including the time it takes to meet the biological objectives. (Can 
this be addressed by both magnitude and siting of restoration action?) 

• The risk that the restored habitat will be colonized by invasive species such 
as nonnative submerged vegetation, nonnative predatory fish, and/or clams. 
(Hardly uncertain, but controllable?) 

• The change in magnitude of predation mortality on covered fish. (Doesn’t this 
require an existing reliable estimated of predation mortality?) 

• Food web responses to habitat restoration actions on both a local and a 
regional scale.  

• The risk of adverse effects resulting from unsuitable changes in water quality 
and exposure to toxic contaminants. (How much can be modeled?) 

• The proportion of the covered species population that actively inhabit restored 
habitats and the change in growth rate, survival, abundance, life-history 
strategies, and population dynamics. (A very difficult baseline to quantify!)  

The Effects Analysis provided explicit associations of such key uncertainties with each 
conservation measure and linked these to “potential research actions” (BDCP, Table 
3.D-3). 
The context of a “phased approach to serve as a large-scale experimental program” in 
adaptive management context implies conceptual models, baselines and thresholds? 
Linkages between scientific development of the Effects Analysis and adaptive 
management should continue, if not expand, with implementation of the BDCP. In 
particular, it will be important to ensure that there is direct science input to the adaptive 
management process, and preferably an independent science body that has no conflict 
of interest in interpreting and adapting conservation measures. In the proposed 
implementation structure, the Science Manager chairs the Adaptive Management Team 
and coordinates with the Delta Science Program, and the Delta Independent Science 
Board may also be consulted about “…matters relating to these monitoring activities 
and research efforts.” (Chap. 7-25, pp. 7-25). However, the Delta Independent Science 
Board is not engaged to the extent that they could deal with extensive monitoring and 
research results and adaptive management decisions in real time. We would doubt that 
the adaptive management process would be efficient, timely and evaluated without an 
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independent scientific advisory body that reports to the Adaptive Management Team, 
Science Manager, Program Manager and the Delta Science Program.  

Review of Specific Analyses 

7.  Are the analyses related to the north Delta diversion facilities appropriate and 
does the Effects Analysis reasonably describe the results? In particular:  

Q.  Was existing empirical information such as Perry et al. 2010 and Newman 2003 
incorporated appropriately into the modeling? Where model runs required 
extrapolation beyond existing data ranges, were assumptions and interpretations 
appropriate? 

Summary 
The empirical information in Perry (2010) and Newman (2003) must be guardedly and 
cautiously applied in the modeling in future cases when north Delta diversion is 
operational. These empirical relationships are based on the best available information 
regarding current physical and operational configuration of the Delta. We assessed the 
validity of four model assumptions. The panel concluded: 1) the assumption of a 3-day 
moving average to characterize flow on the Sacramento below Georgiana Slough is not 
valid in the new configuration, 2) exporting water at the north Delta diversion facilities 
will change circulation patterns at the important north Delta channel junctions (i.e. 
Steamboat, Sutter, Delta Cross Channel, Georgiana), 3) an additional transfer point out 
of the Sacramento at the north Delta diversion will alter the empirical relationship, and 
4) there are issues with original assumptions in Newman (2003). The concerns raised 
above, at best, add additional uncertainty to the conclusion drawn by BDCP. At worst, 
these concerns may result in systematic biases in the model projections. The direction 
of the net effect of these biases is unknown. 

Recommendations 
• Consult with Russell Perry and Ken Newman on their perspectives regarding the 

applicability of their models to the Effects Assessment. 
• Perform more hydrographic modeling below the anticipated north Delta diversion 

to determine whether the nature of the outflow will violate assumptions or 
parameterizations of the Perry (2010) model and alter model output. 

• Additive simulations should be performed varying the parameterization and 
possible structure of the relationships with Perry (2010) and Newman (2003) to 
determine robustness of the model results to changes in Sacramento River 
outflow under the BDCP. 

Comments 
The empirical relationships, derived in Perry (2010) and Newman (2003), are based on 
the best available information regarding current physical and operational configuration 
of the Delta. For these relationships to be useful, they also need to describe the Delta 
under BDCP. To assess the validity of these relationships, we must examine how the 
system will change with the addition of the north Delta diversion. There are four primary 
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sets of questions to address: 1) Will the system continue to have a “quasi-steady state” 
condition or the will the timescale of flow variance change? Is a 3-day moving average 
to characterize flow on the Sacramento below Georgiana Slough a legitimate 
assumption?, 2) Will the circulation patterns change at the important channel junctions 
(i.e., Steamboat, Sutter, Delta Cross Channel, Georgiana) as a result of north Delta 
diversion operations?, 3) Will the north Delta diversion be another transfer point out of 
the Sacramento river migration corridor?, and 4) Are the assumptions used in the 
original analysis valid? 

Will the system continue to have a “quasi-steady state” condition or will the timescale 
of flow variance change as the result of north Delta diversion operations? 

In the current configuration of the system, the north Delta is in a quasi-steady state. In 
general, flows on the Sacramento at Freeport change slowly over time (i.e., on the order 
of days). The only operation that can dramatically alter circulation patterns is the 
opening or closing of the Delta Cross Channel gates. The position of this gate is not 
frequently changed. And, when changed, the system reaches a different quasi-steady 
state condition after about a day. A visual example of this step change is found in Perry 
(2010, Fig. 3). Therefore, the assumption of a three-day moving average to characterize 
flow on the Sacramento below Georgiana Slough seems reasonable for the current 
configuration (flow and operations) of the North Delta. 
When the north Delta diversion facilities become operational, the North Delta will no 
longer be in a quasi-steady state condition. The flows will behave more like what is 
currently observed in the South Delta as the pumping will not be continuous throughout 
the day. And, pump volume will also change at least daily. The timescale of flow 
variance will change more rapidly over time (i.e., on the order of hours). Therefore, the 
three-day moving average flow assumption is not valid in the new configuration with the 
north Delta diversion.  

Will the circulation patterns change at the important channel junctions (i.e., 
Steamboat, Sutter, Delta Cross Channel, and Georgiana) as a result of north Delta 
diversion operations? 

We know that opening and closing the Delta Cross Channel changes the circulation 
patterns in the north Delta. Exporting water at the north Delta diversion facilities will also 
change circulation patterns at the important channel junctions (i.e., Steamboat, Sutter, 
Delta Cross Channel, Georgiana). The DSM2-Hydro simulations that were used for the 
analysis of this issue in section 5C.5.3.5 are capable of outputting data even on a 15 
minute time step. This model resolution should be able to quantify these differences. If 
the circulation patterns change, the proportion of fish distributed to each downstream 
channel will be altered as well. Therefore, the empirical relationship created for the 
current configuration of the Delta is not valid for the future configuration. 

Will the north Delta diversion be another transfer point out of the Sacramento 
migration corridor? 

Throughout the analysis in 5C.5.3.5, there is an assumption of zero entrainment of as a 
result of 100% effective diversion screens. However, the north Delta diversion will be 
pumping water. Therefore, empirical relationship between the flow at Sacramento below 
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Georgiana and the number of fish present will be different from the current empirical 
relationship using the current (no north Delta diversion) configuration. 
In addition, the validity of the primary assumption that there will be no entrainment of 
fish at the north Delta diversion should be evaluated. In reality, there will be some fish 
lost at the transfer point, therefore, the empirical relationship would be altered including 
this additional transfer point. 

Are the assumptions used in the original analysis valid? 
Newman (2003), Table 2 presents a summary of the covariates used in his modeling. 
There are two columns, mean and sample standard deviation. In this table, he reports a 
mean value for Delta Cross Channel gates of 0.61 with a sample standard deviation of 
0.49. The Delta Cross Channel gate signal is a binary signal. It should be either open 
(1) or closed (0). Under no circumstances should that variable be reported as something 
other than 0 or 1. This analysis should have been broken into two time periods: gate 
open and gate closed conditions. This table raises a significant concern that the author 
did not have a basic understanding of how the Delta Cross Channel gate changes flow 
patterns (and migration patterns) in the Delta.  
The concerns raised above, at best, add additional uncertainty to the conclusion drawn 
by the Plan. At worst, these concerns may result in systematic biases in the model 
projections. The direction of the net effect of these biases is unknown.  

Q.  Does the analysis of the frequency of reverse flows at Georgiana Slough 
accurately characterize changes in hydrodynamics due to changes in river stage, 
sea level rise, and Delta habitat restoration? 

Modified question based on 1/29/2014 meeting discussion: Will the operation of the 
north Delta diversion change the circulation patterns around the Sacramento junctions 
with the Delta Cross Channel and Georgiana Slough such that fish (particularly 
migrating fish) have a higher likelihood of being diverted into the interior of the Delta via 
Georgiana Slough or the Delta Cross Channel due to tidal flood/ebb flows in this 
region? 

Summary 
We know, based on long-term field observations and hydrodynamic modeling, that the 
transition point from uni-directional flow and bi-directional flow at the tidal timescale 
occurs somewhere between Sacramento River above the Delta Cross Channel 
(RSAC128) and Sacramento River below Georgiana (RSAC123) for the current 
configuration and operations of the Delta. The operation of the north Delta diversion 
facility will reduce the amount of freshwater flow in the region of the Delta Cross 
Channel and Georgiana junctions. Hydrodynamic modeling will likely show that 
transition point between uni-directional and bi-directional flow will move upstream as a 
result of north Delta diversion operations. This transition location is also a function of 
whether the Delta Cross Channel is open or closed. If bi-directional flow occurs more 
frequently near the Sacramento junctions with the Delta Cross Channel and Georgiana 
Slough, fish will have a higher likelihood of being diverted into the interior of the Delta 
via Georgiana Slough or the Delta Cross Channel.  
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Recommendations 
The DSM2 simulations should be re-run for the ELT and LLT simulations with 
bathymetry that does not include the Restoration Opportunity Areas but driven with ELT 
or LLT river flow and tidal stage boundary conditions and operations. These simulations 
would clearly show how north Delta diversion operations change circulation patterns 
near Georgiana Slough and the Delta Cross Channel. 

Comments 
During the Effects Analysis Panel presentation on 1/29/2014, one of the Panel members 
(N. Monsen) asked for clarification of Question 7b. Based on that discussion, we 
concluded that the main questions that the Fish Agencies would like to see the panel 
address were: 

“Will the operation of the north Delta diversion change the circulation patterns 
around the Sacramento junctions with the Delta Cross Channel and Georgiana 
Slough such that fish (particularly migrating fish) have a higher likelihood of being 
diverted into the interior of the Delta via Georgiana Slough or the Delta Cross 
channel due to tidal flood/ebb flows in this region? 
Will this change in flow regime as a result of north Delta diversion operations 
result in fish encountering this junction multiple times rather than just once, thus 
increasing the probability of the fish being diverted into the interior Delta?” 

It should be noted that these rephrased questions are very different than what the 
analysis in Sections 5C.4.3.2.6 and Section 5C.5.3.8.1 of the Effects Analysis 
addressed. The following suggest an approach to answer the modified question and 
comment on the analysis in Sections 5C.4.3.2.6 and Section 5C.5.3.8.1. 

Part A: Suggested approach to address the modified 7b question 
For this discussion, please refer to the Draft Environmental Impact 
Report/Environmental Impact Statement Appendix 5A that has examples of observed 
tidal stage and flow time series data from three key locations along the Sacramento 
River (Appendix C of this document).  
The Sacramento River throughout the Delta has a tidal signal for both stage and flow. 
The Sacramento observation station at Freeport (RSAC155), above the proposed north 
Delta diversion intakes, has a tidal flow signal (Appendix 5A-D1, p. 128). At Freeport, 
both the tidal and tidally-averaged flow is always uni-directional downstream. Therefore, 
a neutrally-buoyant particle going with the flow at this location will always be traveling 
downstream, although the velocity at which it moves is dependent on the phase of the 
tides. 
In the current bathymetric configuration and operations of the Delta Cross Channel (no 
north Delta diversion facilities), the observation station on the Sacramento above the 
Delta Cross Channel (RSAC128, Appendix 5A-D1, p. 129) also has downstream uni-
directional flow both for the tidal and the tidally-averaged timescale. However, the flow 
signal on the Sacramento below Georgiana Slough (RSAC123, Appendix 5A-D1, p. 
130) has reversing tidal flows. Therefore, even though the tidally-averaged flow at 
RSAC123 is downstream. A particle moving with the velocity field in the region of 
RSAC123 will flow both upstream and downstream. Therefore, the tidal excursion or 
range that a neutrally-buoyant particle will move upstream and downstream, at 
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RSAC123 is important to determine how many times the particle will encounter 
junctions (such as Georgiana and Delta Cross Channel). 
The Sacramento River above the Delta Cross Channel (RSAC128) and the Sacramento 
River below Georgiana (RSAC123) are only 5 river km apart and yet the flow signals at 
these stations are very different. These flow signals are distinctly different because 
there are two junctions, the Delta Cross Channel and Georgiana Slough, between these 
measurement stations where a portion of the water is diverted towards the Central 
Delta. The flow signal at RSAC123 also changes depending on whether the Delta Cross 
Channel is open or closed. 
Therefore, we know, based on long-term field observations and hydrodynamic 
modeling, that the transition point between uni-directional flow and bi-directional flow at 
the tidal timescale occurs somewhere between RSAC123 and RSAC128 for the current 
configuration and operations of the Delta.  
To determine how the north Delta diversion operations will change circulation patterns 
around the Delta Cross Channel and Georgiana Slough, the DSM2 model can be used 
to determine the location along the Sacramento where the flow transitions from 
unidirectional and bi-directional tidal flows. This transition location will also be a function 
of whether the Delta Cross Channel is open or closed. It is also useful to determine the 
extent of tidal excursion to determine whether particles would encounter either the Delta 
Cross Channel junction or the Georgiana Slough junction multiple times. 
The operation of the north Delta diversion facility will reduce the amount of freshwater 
flow in the region of the Delta Cross Channel and Georgiana junctions. Modeling will 
likely show that transition point between unidirectional and bi-directional flow will be 
moved upstream. This transition point may be even as far upstream as RSAC128 
(Sacramento above DCC).  

Part B: Comments related to the analysis in Sections 5C.4.3.2.6 and 5C.5.3.8.1 
The approach taken for the analysis in Sections 5C.4.3.2.6 and 5C.5.3.8.1 focused only 
on the exchange between the Sacramento River with Georgiana Slough. The approach 
of analyzing flow direction every 15 minutes was a reasonable approach given the 
original 7b question. However, the analysis did not attempt to also look at the exchange 
through the Delta Cross Channel, which should be done for the modified 7b question. 
The bigger issue with this particular analysis is the assumed Delta bathymetry used for 
the ELT and the LLT simulations. For both the ELT and LLT simulations, Restoration 
Opportunity Areas are included in the bathymetry. The tidal field is significantly changed 
by the inclusion of these Restoration Opportunity Areas. Note that these Restoration 
Opportunity Areas are only one possible configuration. As of this BDCP draft, the final 
locations of the Restoration Opportunity Areas, the order of construction the Restoration 
Opportunity Areas, and the bathymetric connections between the Restoration 
Opportunity Areas and the adjacent channels have not been established. 
In the BDCP conclusion for this analysis states: 

“Ongoing research is investigating link is between the distribution of energy 
dissipation and the distribution of tidal prism within the context of Plan Area 
restoration and other factors (DeGeorge pers. comm.). … it is unknown whether 
the presently limiting conveyance capacity of a number of Delta channels for tidal 
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flows may become enlarged by scouring in response to Plan Area changes in 
geometry resulting from habitat restoration. These factors may have 
consequences for the hydrodynamics at the Sacramento River-Georgiana 
Slough divergence and other locations.” (5C.53-331, lines 22-29)   

This conclusion indicates that the present hydrodynamic modeling does not separate 
the effects of the north Delta diversion from the preliminary Restoration Opportunity 
Areas configuration in the ELT and LLT simulations. 
One of the best reasons to use hydrodynamic modeling as an analysis tool is that 
models have the capability of isolating individual effects. The DSM2 simulations should 
be re-run for the ELT and LLT simulations with bathymetry that does not include the 
Restoration Opportunity Areas but does have the ELT or LLT river flow and tidal stage 
boundary conditions and operations. These simulations would clearly show how north 
Delta diversion operations change circulation patterns near Georgiana Slough and the 
Delta Cross Channel. 

8.  How should the effects of changes in Feather River flows on fish spawning 
and rearing be characterized? In particular, how should the trade-off between 
higher spring flows and lower summer flows be interpreted? Does the analysis 
adequately capture the expected benefits of CM 2, Yolo Bypass Fishery 
Enhancement? 

Summary 
Chapter 5 correctly recognized that flow/habitat relationships are necessary for 
evaluating changes in Feather River flow and temperature on salmonids. However, 
relationships between flow and habitat were not presented in Chapter 5, therefore it was 
not possible for the Panel to evaluate changes in spawning and rearing habitat. Most 
salmonids reportedly inhabit the low flow channel which will reportedly experience little 
change. BDCP effects relate primarily to the fraction of salmonid populations inhabiting 
the high flow channel plus fish exposure to the high flow reach during upstream and 
downstream migrations.  
Chapter 5 provides a reasonable discussion of the approximate benefits of increasing 
flow into Yolo Bypass and allowing more juvenile salmon, especially foragers, to utilize 
this rearing habitat. Potential adverse effects on migrating adults should be monitored. 

Recommendations 
• Develop flow/habitat relationships for salmonids in the Feather River high flow 

channel, approximate the proportion of the population that uses this habitat, and 
correct inconsistencies in the text and summary figure. 

• The Yolo Bypass evaluation should recognize that natural origin Chinook salmon 
have a higher fraction of foraging type juveniles compared with migrant Chinook 
produced in hatcheries. Natural origin juveniles would likely benefit more than 
hatchery fish. 
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Comments 

Feather River 
Salmon and Steelhead. Chapter 5 provided a summary of beneficial and adverse 
effects of Feather River flows on juvenile and spawning spring Chinook salmon. The 
analysis was based on expected changes in monthly flows in the low and high flow 
channels and associated changes in water temperature. The text recognizes that 
salmon habitat area and quality are important (see introductory paragraph), but the 
evaluation did not attempt to convert predicted flow and temperature scenarios to 
habitat units for steelhead and Chinook salmon. Lack of habitat data for each species 
reduces the certainty of the anticipated effects, except when flows and temperature are 
expected to experience little change, as in the low flow channel. Key to this analysis is 
the reportedly high use by salmonids of the low flow channel relative to the high flow 
channel, given that the low flow channel is expected to experience relatively little 
change. 
The text states that juvenile spring Chinook salmon may be present in the Feather River 
from November through June. Chapter 5 also concludes that juvenile migration would 
not be affected by BDCP flows, which are higher in spring and lower in summer in the 
high flow channel during BDCP operations. Why is juvenile migration not affected by 
higher spring flows and lower summer flows?  To what extent is rearing habitat in the 
high flow channel affected by higher flows and to what extent are juveniles using this 
habitat?  There is no mention of the actual temperature experienced by the fish in the 
Feather River.  
It is not clear how the low positive effect with moderate certainty (Figure 5.5.4-1) was 
derived, given that there was no presentation on flow/habitat relationships, which were 
discussed as being key to the analysis. Chapter 5 states that real-time operations could 
be used to minimize adverse effects in the Feather River, but there is no mention of 
whether this will be done and what the criteria might be to protect salmon. The Chapter 
5 description of Feather River effects on salmonids did not incorporate information 
related to exceedance of minimum flows that was discussed in Appendix 5C.5.2.  
For steelhead, the analysis and text involving Feather River flows are somewhat more 
conclusive. A key statement is that the vast majority of steelhead reportedly spawn and 
rear in the low flow channel which would receive little effect from the BDCP (what 
percentage of steelhead rear in the high flow channel?). Adult and juvenile steelhead 
may experience somewhat higher flows during migration, but there is no judgment of 
whether this is beneficial or not. The text also states that summer flows in the high flow 
channel would be reduced by 50%, a period that includes year-round rearing of 
steelhead. The Panel notes that steelhead prefer higher velocities than other salmonids, 
but changes in the amount of habitat in relation to velocity was not presented. The text 
concludes with moderate certainty that there would be a low negative effect in the 
Feather River (the text should clearly identify that it is the rearing stage in the high flow 
channel that is affected). However, Figure 5.5.6-1 shows zero effect on rearing 
steelhead and low positive effect on migration. The results in this figure are not 
consistent with the text. 
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Yolo Bypass 
Chapter 5 provides a reasonable discussion of the approximate benefits of increasing 
flow into Yolo Bypass and allowing more juvenile salmon, especially foragers, to utilize 
this rearing habitat. Reported data indicate only ~12% of the juvenile population would 
utilize the habitat. For spring Chinook salmon, the analysis assumed 80% of the 
juveniles were migrant rather than foraging Chinook. These values apparently included 
hatchery spring Chinook salmon which are mostly migrants and less likely to utilize 
rearing habitat and benefit from Yolo Bypass compared with wild Chinook salmon that 
are more likely to be foragers that benefit from the Yolo Bypass. Yolo Bypass is more 
likely to benefit wild Chinook (to the extent that they are “foragers”) than hatchery 
Chinook salmon, and it would be worth discussing this in Chapter 5.  
Potential adverse effects of Yolo Bypass on juveniles, such as stranding, were 
described. Potentially adverse temperature effects or predation affects (if predators are 
attracted to the Bypass) were not described, but BDCP authors stated at the January 
meeting that temperature and predator attraction are not likely to pose a problem within 
Yolo Bypass. Adult salmonids could be adversely affected in Yolo Bypass, as discussed 
in Chapter 5; these fish should be monitored to ensure safe migration. 
 

9.  Does the analysis adequately describe the predation and other screen-related 
effects of the proposed north Delta diversion structures? Is the application of 
the observed mortality rate at the fish screen of the Glenn-Colusa Irrigation 
District (GCID) an appropriate assumption for expected mortality at the 
proposed BDCP north Delta intakes?  Are there other studies on salmonid 
survival at positive barrier fish screens that would be appropriate to apply? 

Summary 
Chapter 5 concluded that there is a low negative impact related to contact and 
impingement of salmonids with the north Delta diversion screens, but the technical 
appendix states that this effect could not be evaluated. Regarding predation, the Panel 
believes that there is uncertainty about the extent to which juvenile salmon and 
predators will aggregate near the intakes, and this is an issue that must be monitored. 
Positive barrier fish screens are widely used throughout the Pacific Northwest to protect 
juvenile salmonids from entrainment into water diversions, and this information should 
be readily available to the BDCP team. 

Recommendations 
• Correct inconsistency in conclusions in Chapter 5 and the Appendix regarding 

impingement. 
• Monitor predator aggregation and predation rates at north Delta intakes. 
• Conduct literature search on positive barrier fish screens, which are widely used.  
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Comments 

Screen contact and impingement 
The Effects Analysis stated in regard to fish contact and impingements at the north 
Delta intakes: 
“It is concluded with moderate certainty that there will be a low negative change to the 
north Delta intakes attribute to foraging and migrating juvenile salmonids as a result of 
contact and impingement at the north Delta diversions”. 
A reasonable summary of information leading to this conclusion was presented, 
although more information on relative abundances of foraging Chinook (smaller & more 
susceptible fish) versus migrant Chinook could have been presented. It was stated that 
monitoring would occur during operation as a means to ensure low adverse effects. This 
monitoring is important because debris build-up might alter contact and impingement 
rates. However, Appendix 5.B: Entrainment stated: 
“Because of the lack of an established relationship between passage time, screen 
contact rate and injury or mortality, it is not possible to conclude with certainty what the 
effects of the north Delta intakes may be on juvenile Chinook salmon or indeed on 
juvenile steelhead…”.  
Therefore, information presented in Chapter 5 on injuries related to the north delta 
intakes was inconsistent with information presented in the supporting Appendix. This 
inconsistency needs to be corrected. 
Predation at north delta intakes. The Effects Analysis presents some findings that 
indicate mortality of salmonids associated with predation is uncertain at the north delta 
intakes and that monitoring and adaptive management would address this issue. The 
use of monitoring and adaptive management to address the predation issue is 
important, and implementation of these activities is key to minimizing predation risk. The 
Panel believes that there is uncertainty about the extent to which juvenile salmon and 
predators will aggregate near the intakes.  
One of the predation analyses relied upon information collected in relation to salmon 
losses at the Glenn Colusa diversion and screen. Application of the Glenn Colusa 
analysis to the north delta intake suggested a cumulative loss of 12% of the juvenile 
winter-run Chinook salmon at the north Delta intake, a value that is high for a relatively 
short reach of river. Relatively few details about the Glenn Colusa predation study were 
presented in Chapter 5 or in the supporting appendix (5F: Biological stressors), 
therefore the Review Panel cannot directly address the question above on this issue. 
Nevertheless, the Glenn Colusa study seems to indicate that predators may aggregate 
near fish screens and consume many salmonids. The study at Glenn Colusa highlights 
the need to monitor fish predation at the north Delta intakes.  
Positive barrier fish screens are widely used throughout the Pacific Northwest to protect 
juvenile salmonids from entrainment into water diversions, and fish screening criteria 
are widely applied. The BDCP team could access relevant documents on the web. 
However, regarding predation at the north intake, salmon and predator behavior in 
response to flow and habitat conditions along the screen intakes will likely be the key 
determinants of salmon mortality at the intakes. This information must be gathered 
during project implementation. 
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10. Does the Effects Analysis provide a complete and reasonable interpretation 

of the results of physical models as they relate to upstream spawning and 
rearing habitat conditions, particularly upstream water temperatures and flows 
resulting from proposed BDCP operations? 

Summary 
A valid approach was used to calculate daily flow and daily temperatures in the 
upstream locations. However, the presentation of the temperature results and the 
synthesis of the results should be improved to aid understanding. The Fish Agencies 
should also refine the types of analysis they need to best show the temperature impact 
on fish as the result of BDCP actions. Currently, the temperature analysis includes:  1) a 
comparison of mean monthly temperatures categorized by water year type, 
2) exceedances of water temperature thresholds for the different fish species calculated 
for each month and categorized by water year type, and 3) the number of years where 
the exceedance occurred categorized by the level of concern (Table 5C.4-4, pgs. 5C4-
19, example Table 5C.5.2-42, pgs. 5C5.2-79). 

Recommendations 
• Question 10 is one of the topics in the Effects Analysis where the data is 

presented in individual species and life stage sections. It is very hard to 
synthesize the results in this format.  

• To help the reader understand what locations, which species, what life stages 
are most likely to be impacted by temperature as a result of upstream reservoir 
operations in response to north Delta diversion requirements, a synthesis section 
in the main Effect Analysis Chapter 5 should be included. This synthesis should 
address the summary of the problem presented in Section 5C.4 (5C.4-16 lines 
26-32). 

• Most charts in this section are hard to visually synthesize the temperature data. 
Color coding the charts would help guide the reader. Table 5C.5.2-197 (pg. 
5C.5.2-364) is a good example of how to improve chart readability. 

• Table 5C.5.2-32 (p. 5.C.5.2-79) show compares the level of exceedance for the 
different scenarios. This table is not effective at communicating that the level of 
exceedance is shifting between different categories. For example, less “orange” 
classifications may mean that there are more “red” classifications. It would be 
helpful to re-visit how this information is presented. 

• Another potential key statistic that could be extracted from the model data is the 
number of consecutive days in which water temperature is greater than the 
threshold level.  

Comments 

 Approach to calculating upstream flows and water temperatures: 
The CALSIM II watershed model was used to specify the monthly flows in each of the 
upstream rivers. These monthly results were then “downscaled” to daily values based 
on the historical records at three historical locations in the watershed. These flows are 
used as inputs into the Sacramento River Water Quality Model (SRWQM) or the 
Reclamation Temperature model, depending on the location. This downscaling 
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approach seems to be reasonable approach to estimate flows. The temperature models 
used are specific to this region and have been used in other applications.  
The temperature analysis included: 1) a comparison of mean monthly temperatures 
categorized by water year type; 2) exceedances of water temperature thresholds for the 
different fish species calculated for each month and categorized by water year type; 
and, 3) the number of years where the exceedance occurred categorized by the level of 
concern (Table 5C.4-4, pgs. 5C4-19, example Table 5C.5.2-42, pgs. 5C5.2-79). 

Analysis and synthesis of the Temperature modeling: 
Question 10 is one of the topics in the Effects Analysis where the way the data is 
presented makes it very hard to synthesize the results. The topic of temperature was 
evaluated in the Upstream Habitat Results Section 5C.5.2 (548 pages long) for each 
species and life stage. In many cases the description of the results were very repetitive 
and did not explain how the results differed from other species. 
To help the reader understand what locations, which species, what life stages are most 
likely to be impacted by temperature as a result of upstream reservoir operations in 
response to north Delta diversion requirements, a synthesis section in the main Effect 
Analysis Chapter 5 should be included. The current summary of upstream temperature 
(Table 5.3-5, p. 5.3-21) is too general to be useful. It is not a sufficient synthesis of the 
information contained in Section 5C.5.2. This synthesis should address the summary of 
the problem presented in Section 5C.4 (5C.4-16 lines 26-32). 

11. Does the Effects Analysis use a reasonable method for “normalizing” results 
from the salvage-density method to the population level for salmonid species? 

Summary 
The normalization approach seems to simply adjust entrainment values based on 
relative population size over the years of observation so that entrainment values relative 
to water export may be more comparable from year to year. The normalization should 
be used for qualitative purposes but not for modeling purposes, because it will mask 
some of the variation and uncertainty. This standardization has utility for the purpose of 
calculating entrainment per volume of exported water, but it provides only a partial view 
of the pumping effect on fish populations. The percent of the populations entrained is 
more important. This value has more relevance to Effects Analysis on the population. It 
also appears the variance calculations for salvage abundance and entrainment index 
are being calculated incorrectly. 

Recommendations 
• Calculation of salvage density and entrainment need to be revisited and the 

variance calculations corrected. Current variance calculations for salvage density 
are underestimating actual variance and uncertainty. 

Comments 
The salvage-density method was developed to provide an index to entrainment that 
reflects the volume of export, taking into account fish species abundance. The method 
assumes a linear relationship between entrainment and export flows. There is some 
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evidence this assumption of linearity may not be correct over the total range of 
conditions (Kimmerer 2008). 
An estimate of total salvage abundance (𝑆𝑖) for year 𝑖 is estimated by the product 

�̂�𝑖 = 𝐷�𝑖 ∙ 𝑉𝑖 
where  
 𝐷�𝑖 = estimate of fish salvages per volume of water export, 
 𝑉𝑖 = volume of water export. 
The estimate of salvage loss is then “normalized” for an average population size of the 
fish according to the formula 

�̃�𝑖 = �
𝑆𝑖
𝑁𝑖
�𝑁� 

where 
 𝑁𝑖 = fish abundance for the ith year, 
𝑁� = average fish abundance over the years of inference. 
Ideally, the fish abundance values should be based on the same population as the fish 
being salvaged. For example, winter-run Chinook where normalization is based on 
juvenile production estimates. In the case of fall and late fall-run and spring-run Chinook 
salmon, the normalization is based on adult run size and in the case of longfin smelt, a 
trawl index. For each of these latter cases, there is the additional assumption that 
juvenile abundance is proportional to either adult abundance or the trawl index, i.e., 

𝑁𝑖 = 𝑐𝐴𝑖  𝑉𝑖 
or 

𝑁𝑖 = 𝑐𝑇𝑖  𝑉𝑖 
where 
 𝐴𝑖 = adult abundance in year 𝑖, 
 𝑇𝑖 = trawl index in year 𝑖, and 
 𝑉𝑖 = water volume in year 𝑖. 
The normalized values, �̃�𝑖, can be used in indices of annual salvage numbers but 
should not be used in subsequent simulations or the calculations of interval estimates. 
The normalization process has dampened the variability among annual values such that 
any subsequent variance calculations will underestimate the actual magnitude of the 
uncertainty (i.e., confidence interval [CI] width). 
The entrainment index (𝐸𝑖) is calculated  

𝐸𝑖 =
�̂�𝑖
𝑉𝑖

 

per Section 5.B.5.4.3. It is unclear whether the actual salvage abundance ��̂�𝑖� estimate 
or the normalized value ��̃�𝑖� is used in these calculations. 
The variance calculations for the entrainment index (Section 5.B.5.4.3, lines 8–17) 
appear to be wrong. Based on the description, the average index value is calculated by 
taking the entrainment density for all relevant water years (𝐷𝑖 , 𝑖 = 1,⋯ ,𝑛) multiplying 
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these values by alternative water volumes from CALSIM �𝑉𝑗 , 𝑗 = 1,⋯ ,𝑚�, then 
averaging over all 𝑛𝑚. The variance is based on the empirical variance using the 𝑛𝑚 
values, i.e., 

Var� �𝑆̅̂� =  
𝑠𝑆𝑖𝑗
2

𝑛𝑚
, 

per the plan, and where the  𝑆𝑖𝑗  are all possible values over 𝑛 and 𝑚, then 

𝐸 �
𝑠𝑆𝑖𝑗
2

𝑛𝑚�
=
𝑉�2𝜎𝐷2

𝑛𝑚
+
𝐷�2𝜎𝑉2

𝑛𝑚
+
𝜎𝑉2𝜎𝐷2

𝑛𝑚
. 

However, based on the stratified nature of the calculations, the correct variance has the 
form 

Var �𝑆̅̂� =
𝑉�2𝜎𝐷2

𝑛
+
𝐷�2𝜎𝑉2

𝑛𝑚
+
𝜎𝑉2𝜎𝐷2

𝑛𝑚
 

where 
 𝑉�  = average water volume, 
 𝜎𝑉2 = variance in water volume values, 
 𝐷� = average density, 
 𝜎𝐷2 = variance in density values.  
The report variance is too small.  
The variance of the total salvage estimate also appears to be wrong (pages 5.B-65 and 
66). The calculation of total salvage (𝑆) was based on the description to be: 

𝑆 = density � ∙ Volume 
where the estimator of density was based on a linear regression of log salvage density 
vs. day of inundations. The report then states that the confidence intervals were then 
computed using the 95% confidence levels of the estimates of the regression.”  This 
calculation, as described, is wrong. The calculations should be based on the variance 
estimate for the back-transformed estimate of density from the regression, i.e., 

Var��̂�� = Var�density � ∙ Volume� 
     =  Volume2 Var�𝑒𝑦�� 

           =̇  Volume2 Var (𝑦�)�𝑒𝑦��2  
where 𝑦 = ln (density) = 𝛼 + 𝛽𝑥. 
See Appendix D for appropriate variance calculations for the salvage model. 

12. Are the assumptions of the analysis of aquatic habitat restoration food web 
effects appropriate for covered fish species? Are the conclusions and net 
effects appropriate? 

Summary 
The BDCP develops a robust conceptual model of aquatic food webs and the diverse 
linkages that may impact the net production of food for Covered Fish. Yet the BDCP 
contains a number of assumptions, some of which are inappropriate, others of which 
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contain considerable uncertainty. Uncertainties are mentioned, but no effort was made 
to include whether conservation efforts reach only a portion of the goals of biological 
objectives. Thus the analysis of effects further assumes only the most beneficial 
potential results in any calculations, but doesn’t incorporate other possibilities. Other 
processes of food webs in aquatic habitats are described but remain unanalyzed, some 
of which may enhance, while others of which would inhibit their biological objectives. 
While the overall conceptual model is adequate, integration and synthesis is lacking. 
Consequently the conclusions and net effects are not appropriate given the gaps in 
analyses and the uncertainties. 

Recommendations 
• Model the potential flow of energy through the pelagic food web – baseline 

information 
• Assume a variety of primary production flows to covered species due to 

competitors or environmental issues – to what extent might their optimistic 
scenarios vary from equally potential realities 

• Assume shifts in composition of plankton from favorable to unfavorable species 
(with respect to covered species) – even with potentially higher productivity by 
plankton, what happens if energy flows into other pathways other than nearly 
immediately into the covered species 

• Incorporate a detrital energy flow – this might shift energy flow back toward 
covered species 

• The direction of restoration in these systems that would support phytoplankton is 
not simple and linear, adaptive management would need to be an aggressive 
component of the BDCP with authority to take immediate actions, regardless of 
what those might be 

Comments 
The conceptual model of the food web appears to contain all the significant 
compartments required for an adequate assessment of the impact of the BDCP. The 
BDCP contains a number of conservation efforts that have the potential to provide 
considerable enhancement of the populations of covered fish. These include increasing 
habitat, providing a diversity of habitat conditions that may enhance different life history 
stages, as well as allowing for potential increases in food web services for covered 
species. However, other than estimates made for phytoplankton production, no other 
assessments are made. First we review some of the assumptions inherent in the BDCP 
consideration of food webs. 
An overarching assumption is that Conservation Measures have rapid and positive 
impacts. With respect to food webs, wetland and aquatic systems restoration are 
assumed to be effectively restored and functional immediately or in a short time frame 
and meet the biological objectives of the BDCP. This result is based on a number of 
additional assumptions, all of which contain considerable uncertainty. Similarly, while 
potentially negative impacts on the success of restoration are considered in passing, 
e.g., invasive bivalves, none of their potential effects are incorporated into their 
analyses or conclusions. The simplest effects perspective of the BDCP is that it edits 
out all potential outcomes except for the most favorable one. 
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Restoration of natural ecosystems, however, is difficult and fraught with great 
uncertainties and some systems that are assumed to have a positive influence on 
covered species are particularly difficult. The contingency of ecological communities 
means they will not automatically assemble in some predictable manner (Parker 1997). 
Chapter 5 contains even less information this time concerning details about timing and 
sequencing required to evaluate potential impacts. Understanding the sequences is also 
critical because they have major influences (Drake 1990, 1991; Hobbs and Cramer 
2008). For example, the BDCP implies a consistent increase in restoration acreage 
through time, but without strong management intervention prior to opening of new 
wetland or shallow aquatic habitat, submerged aquatic invasive species such as 
bivalves, Egeria, or other newly detected species may expand rapidly into the new tidal 
habitat. The result would be a much larger management problem without the food web 
benefits proposed by the BDCP.  
The assumption of rapid positive food web benefits from restoration of aquatic habitat is 
a potential benefit, but the degree of benefit, its timing, and even whether benefits will 
accrue is uncertain. Restoration even may be on a pathway to achieving desired 
biological objectives, but the time frame may be considerable and beyond the 50-year 
period of the BDCP. Similarly, changing the order of different conservation measures 
may push ecological systems onto different trajectories. Usually these cannot be 
predicted, and requires an integrated monitoring and adaptive management with 
considerable authority and manpower. Restoration rarely achieves immediate 
conservation or biodiversity goals (Hobbs and Cramer 2008, Hobbs et al. 2011). While 
tidal water as a process can be achieved by opening dikes, restoration of biological 
function is actually quite difficult with respect to ecosystem processes beyond tidal flux 
and especially with respect to ecological equivalency to comparable natural wetlands 
(Kentula 1996; Simenstad and Thom 1996; Zedler and Callaway 1999; Lockwood and 
Pimm 1999). More recent studies substantiate these evaluations (Burgin 2008; BenDoer 
et al. 2009; Moilanen et al. 2009). 
The BDCP further ignores critical data that should have been incorporated into 
trajectories concerning the restoration of wetland and associated aquatic habitat. This is 
a crucial piece because the restoration that is planned is critical key to increasing 
suitable habitat and food web productivity. The issue is sediment supply for these 
restorations. The BDCP assumes a constant sediment concentration for the time period 
of the plan (Appendix 5.E, pp. 43-44: turbidity held constant in models and 
interpretations), yet they indicate that sediment concentration has been declining over 
the past 50 years (p. 109) and that the BDCP conservation measures will further reduce 
the sediment supply by an additional 8-9%. While in their discussion of sediment supply, 
they also conclude that declining sediment concentration and the impact of CM1 will 
mean much lower sediment supply, these issues have no impact on the BDCP analysis 
and inference. Yet the loss of sediment supply creates great uncertainties in the rate 
and potential for restoration of these habitats, while only the most optimal 
circumstances are modeled or estimated. 
Similarly, the BDCP uses a simple depth-productivity model to quantify how habitat 
restoration may impact primary production (Figure 5.E.4-85, Relationship between 
Phytoplankton Growth Rate and Depth, in Appendix 5.E, Habitat Restoration). This 
assumes the relationship between phytoplankton growth rate and depth developed by 
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Lopez et al. (2006) is accurate. The analysis focused solely on the relationship between 
phytoplankton and depth, while recognizing that other factors may influence 
phytoplankton production in particular locations (p. 121). 
Ironically, the literature they rely on, Lopez et al. (2006) and Lucas and Johnson (2012), 
indicate that biomass and production of phytoplankton in the Delta do not fit this simple 
model expectations. A major limitation of the depth-productivity model is the impact 
bivalve grazing on available net production. Net phytoplankton production (in excess of 
potential grazing) peaked at different depths and at much lower rates depending on 
overall habitat depth and water residence time. Assumptions of phytoplankton 
production and their conversion to zooplankton and invertebrates as food sources for 
covered species in aquatic systems consequently lack realism. 
A third assumption involves the production of food for covered fish. Food produced in 
the restoration areas is assumed to directly benefit covered fish and indirectly by export. 
The restoration of these areas are predicted to create better habitat and food for 
juvenile Chinook salmon, splittail, sturgeon, delta smelt, and longfin smelt. Two issues 
arise from this assumption, one is their analysis of phytoplankton production and the 
second is that the analysis never includes potential competitors. 
In contrast to their assumption, they cite literature that models the impact of introduced 
clams and their rate of filtering of phytoplankton and other aquatic organisms. These 
models suggest 1) that the depth-productivity model they used is completely inaccurate 
in the context of invasive clams and 2) remind us that while the potential impact of 
clams are mentioned as an uncertainty, only the most optimal scenario without clams is 
used for conclusions about the short and long-term benefits of the BDCP.  
Beyond the analysis of assumptions, the other compartments of the food web are not 
incorporated into their analyses. For example, the potential for detritus as a major 
source of food web production was reviewed at some point and mentioned during the 
discussion of food webs. However, no incorporation or estimation of potential detritus 
production was made, nor was the detrital web discussed any further. Ironically, this 
could be a significant and positive impact on covered species. 
Similarly, the role of SAV and emergent vegetation were not assessed although they 
were mentioned. The issue of competitors was not assessed. No incorporation was 
made of anthropogenic nitrogen influences on phytoplankton community composition 
(for example increasing the proportion of Microcystis). While the BDCP generally has a 
review of most of these compartments that they illustrate in the conceptual model, no 
quantitative models, nor estimates derived from the literature review were developed to 
allow a variety of scenarios that might indicate the potential robustness of the impacts of 
the conservation measures. Thus, some quantitative detail on one or a few 
compartments, complete with large tables showing all the numbers produced, lacks 
significant meaning when other compartments are merely discussed. The overall 
impression is that these compartments live in conceptual isolation, lacking the 
integration of multiple and linked processes/interactions together into a synthesis. 
Consequently the BDCP analyses are ambiguous and conclusions and estimates of net 
effects overestimate the net positive impacts of conservation measures. 
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13. Is the analysis of food web benefits to longfin smelt from habitat restoration 

appropriate?  How well do the analyses link intended food web improvements 
to improvement in the longfin smelt spring Delta outflow/recruitment 
relationship? 

Summary 
While the Effects Analysis develops an appropriate logic train suggesting that 
restoration actions (e.g., CM4) would result in the production and export of increased 
longfin smelt “food”, this objective is constrained by considerable uncertainty 
(acknowledged as only “Partial” assessment) because the data is lacking to 
quantitatively estimate the relationship between longfin smelt production and what might 
be exported from tidal wetland restoration and converted to food web linkages to the 
smelt. Although there are good, synthetic conceptual models developed for the Bay-
Delta longfin smelt population encapsulated in the Effects Analysis (e.g., Baxter et al. 
2010; Rosenfield 2010), this uncertainty is further constrained by the lack of a life-
history model that would elucidate the role of prey composition and abundance in 
population dynamics. Delta smelt are principally planktivorous, feeding on copepods, 
cladocerans and mysids in the Bay-Delta (Moyle 2002; Feyrer et al. 2003; Hobbs et al. 
2006). A potentially significant change in the viability of food web support of longfin 
smelt by the shift from the native Eurytemora affinis to non-indigenous species such as 
Pseudodiaptomus forbesi and Sinocalanus doerri is implicated in declining availability of 
natural prey for longfin smelt. However, these changes were also confounded by flow 
diversions and restriction of the mixing zone and potential increased entrainment into 
water diversions and the increased predation of the overbite clam Potomocorbula 
amurensis on mysids and other zooplankton prey after its introduction in 1986 (Alpine 
and Cloern 1992; Kimmerer 2002). 

Recommendations 
• Strengthen the documented data and other evidence supporting the presumption 

that export of detrital matter would specifically contribute to food web linkages 
supporting longfin smelt. 

Comments 
While there is viable evidence that poor survival and growth are a major cause of longfin 
smelt decline (Bennett and Moyle 1996; Sommer et al. 2007), the mechanism and 
magnitude of increased production of desired longfin smelt prey contributed by restoring 
tidal natural communities and other proposed BDCP restoration actions is still highly 
uncertain (see response, above, to Question 12). As discussed elsewhere, the 
contribution of restoring shallow water tidal wetlands to net phytoplankton production 
and increased plankton abundance available to longfin smelt is basically hypothetical 
because of the uncertainties of primary consumption within the restoring ecosystems, 
especially by non-indigenous clams, and whether these systems would be sources or 
sinks for any increased production. The Effects Analysis does acknowledge that tidal 
wetland restoration is also likely to export detrital organic matter, as well as 
macroinvertebrates, but the potential contribution of these food web sources to longfin 
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smelt production is equally uncertain without more explicit and quantitative linkages to 
the longfin smelt prey potentially involved, such as mysids. 
From that standpoint of linking food web benefits to the longfin smelt spring Delta 
outflow/recruitment relationship, the Effect Analysis does provide a reasonable rationale 
for smelt post-larvae and juveniles to benefit from exported production from the Suisun 
Marsh ROA, albeit with the same uncertainty associated with the utility of that exported 
production. Current understanding of juvenile longfin smelt occupancy of the Suisun 
Bay and West Delta subregions during March through June, before moving further into 
San Francisco Bay proper, suggests that linking the outflow/recruitment relationship to 
the management of spring (March-May) Delta outflow (Chap. 2, Section 2.4.1.4.4 
Decision Trees) could be a management strategy. 

14. How well does the analysis address population-level effects of the BDCP on 
white sturgeon? 

Summary 
The analysis does an excellent job of summarizing what is currently known about the 
life history and ecology of white sturgeon (southern distinct population segment) using 
the most recent analyses and peer-reviewed publications. In addition, the conclusions 
regarding the level of certainty about the effects of the different conservation measures 
on white sturgeon, based the expert panel convened in August 2013, are thoroughly 
discussed in the text and well summarized in Figure 5.5.8-2. 
Estimating the effects of the BDCP on white sturgeon population levels is very difficult 
because of: 1) the lack of a thorough understanding of the effects of flow regimes on 
downstream migration and year class recruitment; 2) considerable uncertainty about 
white sturgeon sensitivity to water quality and whether current water quality conditions 
constitute negative impacts; (3) a poor understanding of the role of intertidal and 
subtidal habitat on food availability for migrating juveniles; and 4) little information about 
factors influencing growth and survival of adults in San Francisco Bay and the ocean. 
Given these limitations, the Effects Analysis does an adequate job of using existing 
information to predict the effect of the various conservation measures on white 
sturgeon.  

Recommendations 
• Implement measures to improve estimates (reduce uncertainty) of adult survival 

and population size of white sturgeon in the Delta. 
• Undertake research studies to identify the reason(s) for the observed association 

between high flows and high recruitment. 
• Initiate studies to understand the links (or lack thereof) between water quality and 

intertidal and subtidal habitat on growth and survival of 1) migrating juveniles and 
2) adults. 

Comments 
The life history of white sturgeon, high adult survival and fecundity in combination with 
episodic recruitment in high water years, suggests that the multiple approach to 
conservation measures should promote increased adult survival and ensuring high 
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recruitment when conditions are favorable. We agree with the conclusions of the Effects 
Analysis that reduction of illegal harvest (CM 17) and reduction of entrainment at the 
Fremont weir (CM 2) are both highly likely to have a positive effect on adult survival. 
Similarly, we agree that the restoration of tidal wetlands under CM4 are very likely to 
provide significantly increased rearing habitat and epibenthic and benthic food 
resources. Perhaps more than the pelagic covered species, white sturgeon could also 
derive significant benefits from enhanced and exported detrital organic matter from tidal 
wetland restoration because much, if not most, of their natural (and unnatural given the 
non-indigenous clams contributions to their diets) prey on mudflats and in adjacent 
channels are detritivores.  
Quantitatively estimating the effects of these conservation measures on adult survival 
will require more rigorous, focused sampling efforts. The large confidence intervals 
associated with recent estimates of adult survival will make it nearly impossible to 
document effects of the conservation measures. The effects of water diversion and 
changes in flow regimes on white sturgeon recruitment are much more difficult to predict 
and will require a more thorough understanding of the mechanisms behind the 
correlation between recruitment and flow volume. 

Adequacy of Technical Appendices 

Appendix 5.B—Entrainment 

Summary 
Section 5.B.4.1 (p. 5.B-11 lines 18-23) has the most important statement of the entire 
appendix. This conclusion that should be the first conclusion in the executive summary: 
“Under the ESO (Evaluated Starting Operations), in the wetter water years (wet and 
above-normal water years…), most of the combined total exports would come from the 
new north Delta facility and exports from the south Delta facility would be lower than 
existing biological conditions … The use of the north Delta pumps would be lower in the 
dryer years with most pumping going from the south Delta pumps in dry and critical 
water year… Less use of the north Delta pumps in drier water years reflects 
requirements to maintain adequate bypass flows at the north Delta diversions.” (5.B-11, 
lines 18-23) 
This conclusion is the basis of most of the entrainment analysis in Appendix 5.B for the 
South Delta facilities. There may be different approaches to come up with the 
regression between export rate and salvage, but the simplistic conclusion is that when 
the pump operations are lower, so is the entrainment of fish. However, in the dry and 
critical years, entrainment at the South Delta facilities will be higher because the north 
Delta facilities’ operations will be limited. 
The next question to ask, therefore, is how often we will be under dry or critical year 
conditions. Will California have more frequent dry water years, resulting in fewer times 
when the north Delta diversion facilities can be operated? 

Recommendations 
• The conclusion stated above in the summary Section 5.B.4.1 (p. 5.B-11 lines 18-

23) should be the first conclusion in the Appendix 5.B executive summary and 
should be included in Chapter 5. 
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• The Climate Change (Appendix 5.A) portion of the Effects Analysis needs to 
address the question for frequency of dry/critical water years and relate it back 
Appendix 5B. 

• The documentation of the DSM2 and particle tracking model (PTM) model in this 
appendix should be greatly expanded to provide clarity in their approach. 

Comments 
Section 5.B.4.1 (p. 5.B-11 lines 18-23) has the most important statement of the entire 
appendix. This conclusion that should be the first conclusion in the executive summary: 
“Under the ESO (Evaluated Starting Operations), in the wetter water years (wet and 
above-normal water years…), most of the combined total exports would come from the 
new north Delta facility and exports from the south Delta facility would be lower than 
existing biological conditions … The use of the north Delta pumps would be lower in the 
dryer years with most pumping going from the south Delta pumps in dry and critical 
water year… Less use of the north Delta pumps in drier water years reflects 
requirements to maintain adequate bypass flows at the north Delta diversions.” (p. 5.B-
11, lines 18-23) 
This conclusion is the basis of most of the entrainment analysis in Appendix 5.B for the 
South Delta facilities. There may be different approaches to come up with the 
regression between export rate and salvage, but the simplistic conclusion is that when 
the pump operations are lower, so is the entrainment of fish. However, in the dry and 
critical years, entrainment at the South Delta facilities will be higher because the north 
Delta facilities operation will be limited. 
The next question to ask, therefore, is how often we will be under dry or critical year 
conditions. Are we going to have more frequent drier water years, resulting in fewer 
times when the north Delta diversion facilities can be operated? The Climate Change 
(Appendix 5.A) portion of the Effects Analysis needs to address this question and relate 
it back to this Appendix.  
In this appendix, the first conclusion stated is: “The BDCP would substantially change 
the amount and pattern of water exports from the south Delta SWP/CVP facilities, which 
generally would be expected to lower the number of fish of all species entrained relative 
to existing biological conditions.” (Appendix 5.B, p. 5.B-iii, lines 38-40) 
We agree that the south Delta export patterns will change substantially, especially in 
wet and above normal years. However, it is also important to look at how the flow 
patterns will also change in the north Delta. This is an equally important piece of 
evaluation that should be included in the entrainment analysis. The use of the DSM2 
PTM is a first attempt at this type of analysis. However, the documentation of the DSM2 
PTM model in this appendix should be greatly expanded to provide clarity in their 
approach. Some of this documentation may already be in Appendix 5.C, however, the 
present documentation is not sufficient to allow Appendix 5.B to act as a stand-alone 
document. 
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Appendix 5.C—Flow, Passage, Salinity, and Turbidity 

Summary 
Appendix 5.C has been a catch-all appendix ever since Phase 1 of this Effects Analysis 
review. Unlike the Entrainment or Contaminants appendices, this appendix does not 
have an individual issue that it is trying to address. This appendix is 2,636 pages long 
and spans a laundry list of topics including flows in river, salmon migration through the 
Delta, Delta Cross Channel and Georgiana Slough circulation, non-physical barriers, 
temperature modeling, water clarity, turbidity, invasive species, nutrients, dissolved 
oxygen, and algae. This appendix should have been divided into multiple appendices in 
previous iterations of the BDCP document. At this point, the division of the appendix will 
likely never happen. As a result, this is a very difficult appendix to review. In general, the 
Panel read through portions of this appendix to answer specific questions for the main 
charge questions for Chapter 5.  

Recommendations 
• Most Appendix 5.C recommendations are included in the Chapter 5 questions. 
• Guiding operational rules in place for the current configuration of the Delta, such 

as E/I ratios, need to be reviewed to see if they still make sense for the combined 
system. 

• The calculation of transport time scales should be done with relation to a 
particular question being addressed rather than calculated as a bulk parameter. 

• Improve the synthesis of results in Section 5C.5.3.1:  Passage, Movement, and 
Migration Results, Flow Summary. 

• Water clarity and suspended sediment should have been in an appendix all its 
own rather than being buried in Part 6 of Appendix 5.C. 

Comments 

Baseline operations (Section 5C.2.2) 
The Effects Analysis used two different baseline conditions, one that was consistent 
with the USGFWS BiOp RPA actions (EBC2) and one in which the USFWS RPA (Fall 
X2 action) was not included (EBC1). The panel will not comment the details of the 
baseline operations that were used to represent current conditions because this level of 
detail is beyond the area of expertise of the panel. We defer this issue to public 
comments by interested stakeholders, state and federal agency personnel that have 
more understanding of these details. 

Proposed operations, Maximum Allowable Export Rules (Section5C.2.2.2.1) 
Before the north Delta diversion facility is operational, the operating criteria for both the 
North and South facilities need to be established. Guiding operational rules in place for 
the current configuration of the Delta, such as E/I ratios, need to be reviewed to see if 
they still make sense for the combined system. For instance:   
“For the BDCP cases, the [Export/Import] E/I ratio was assumed to apply only to south 
Delta exports; the north Delta intake diversions were assumed to exempt form E/I rule 
because the north Delta diversions are controlled by the bypass flow rules. The south 
Delta pumping was limited by the E/I calculated with the inflow minus the north Delta 
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diversions; this would allow slightly higher total exports during periods when 
Sacramento River flows are high and north Delta diversion are high.” (p. 5C.2-3, lines 
41-42; p. 5C.2-4 lines 1-3) 

Residence Time (Section 5C.4.4.7) 
The residence times calculated using 38 particle release sites using the DSM2 PTM 
model is of limited use. The calculation of transport time scales should be done with 
relation to a particular question being addressed. For example, how long will water 
reside in a specific Restoration Opportunity Area and how does that transport timescale 
compare to other important timescales, such as phytoplankton growth rates, 
contaminant reaction time, etc.  
The Delta is a very diverse mosaic of regions. Each sub-section of the Delta has unique 
characteristics. Transport timescales in each sub-region is a function of operations 
(such as the operation of the Delta Cross Channel and the placement of temporary 
barriers, flooding in the Yolo Bypass), bathymetry, and connectivity to adjacent regions. 
Transport timescales calculated in sub-regions rather than full Delta “average” 
residence time will give much more detailed information about changes in circulation 
patterns as a result of alterations to the system as a result changes in operations and 
additions of restoration opportunity areas. 

Passage, Movement, and Migration Results, Flow Summary (Section 5C.5.3.1, Pages 
5C.5.3-1 through 5C.5.3-64) 

Please improve the synthesis of results in this section. These pages contain only charts 
with no dialogue or graphs to aid the reader. This section likely contains very important 
information about how the circulation changes in the Delta will change as a result of the 
Conservation Measures at key locations throughout the Delta.  

Attachment 5C.D (Water Clarity-Suspended Sediment Concentration and Turbidity) 
(5C.D-1 through 5C.D-64) 

Water clarity and suspended sediment should have been in an appendix all its own 
rather than being buried in Part 6 of Appendix 5.C. This is a topic is as important as 
Entrainment and Contaminants. This section is a good resource to read for background 
on issues related to sediment transport in the Delta. 
 

Appendix 5.D—Contaminants 

Summary 
Currently, the contaminants section of Chapter 5 comprises 1 ½ pages of a 745 page 
document with most of the information related to contaminant effects contained in a 
single table. There are many caveats to consider with contaminants and this topic 
should get more attention within Chapter 5. Appendix 5D has a very well written 
introduction that lays out the key issues related to both mercury and selenium in the 
Delta. This introduction should be included in Chapter 5 where it will be read and 
considered. This list of potential contaminants seems reasonable and the conceptual 
model for contaminants (Fig 5D.3-1) is well developed. The growing list of contaminants 
of emerging concern is a clear sign that additional contaminants may need 
consideration in the future. 
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The Executive Summary of Appendix 5.D (p. 5.D-i, lines 24 -29) states that quantitative 
analyses were applied where available but were not sufficient to fully examine the 
potential for contaminant effects. This statement is important for characterizing the level 
for which potential contaminant effects can be assessed, however this is not part of the 
bulleted summary within the Executive Summary (p. 5.D.ii, lines 35-42).  
The Contaminants Appendix is limited to direct contaminant effects on covered species 
even though it is recognized that both direct and indirect contaminant effects must be 
considered (p. 5.2.3, lines 5-7). The Effects Analysis authors indicate that indirect 
contaminant effects are handled within Appendix 5.F: Biological Stressors on Covered 
Fish. Given the degree to which indirect contaminant effects are presently covered in 
Appendix 5.F this is not satisfactory. A Phase II Panel recommendation was to 
incorporate grey literature where needed in the contaminants section, especially for 
indirect contaminant effects. These recommendations were not taken and stand from 
the original review. 
The separation of direct and indirect contaminant effects lead to strange splits in 
organization, including for Microcystis which is included as a “contaminant” in the 
contaminant conceptual model but is not part of the discussion in Appendix 5.D: 
Contaminants. Rather, Microcystis is considered in Appendix 5.F. 
Both Conservation Measure 15: Methylmercury Management (pp. 4-257) and AMM27 
Selenium Management (p. 5.D-37, line 18) should be evaluated by contaminants 
experts to determine if these approaches will be acceptable for mitigation. The modeling 
of Methylmercury effects are highly uncertain due in large part to site-specific 
characteristics that cannot be modeled at present. 

Recommendations 
• Provide more information with Chapter 5: Effects Analysis rather than relying 

heavily on Appendix 5.D: Contaminants. 
• Include both indirect and direct contaminant effects within Contaminants 

Appendix (Phase II recommendation).  
• Methylmercury Management and Selenium Management should be evaluated by 

contaminants experts. 
• Incorporate grey literature where needed (especially herbicide application for 

control of Invasive Aquatic Species).  
• Provide clear statements within Chapter 5 and the Executive Summary of 

Appendix 5.D about the high level of uncertainty associated with contaminant 
effects as a result of site-specific details that cannot be modeled without explicit 
information about the location and connectivity of ROAs. 

Comments 
The Contaminants Appendix is limited to direct effects of contaminants on covered 
species despite the recognition (Chap. 5, pg. 5.2-3, lines 5-7) that that both direct and 
indirect contaminant effects must be considered. Appendix 5.D states that with the 
exception of herbicides used to control Aquatic Vegetation, the BDCP does not add any 
contaminants to the Plan Area. Nonetheless, as stated (Chapter 5, page 5.3-26, lines 
29-30) BDCP activities will alter freshwater flow and alter water residence times at 
various locations in the Delta. These changes can result in major changes in how 
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contaminants interact with the Delta ecosystem by changing the local concentration of a 
given contaminant or duration of exposure. For these reasons, restricting the analysis to 
direct effects on covered species is inadequate.  
The inherent challenges in navigating a document of this size could be overcome by 
placing all of the contaminant effects under the Appendix entitled “Contaminants”. This 
was a recommendation made during the Phase 2 review. Indirect effects are handled 
elsewhere in the Effects Analysis (Appendix 5.F: Biological Stressors on Covered Fish) 
however at present discussion of potential indirect contaminant effects are not sufficient 
in scope, detail, or characterization of uncertainty. Ammonia (NH3) / ammonium (NH4) 
effects, as written in Appendix 5.D, appear to consider indirect effects of ammonia/ium 
which is inconsistent with the authors’ intent for Appendix 5.D. 
Appendix 5.D has a very well written introduction that lays out the key issues related to 
both mercury and selenium in the Delta. The analysis was very careful to separate out 
the effects of Conservation Measure 1 (north Delta diversion facilities) from the effects 
of Conservation Measure 2 (Establishment of ROAs). In general, the environmental 
effects related to constructing ROAs are a bigger concern for contaminants than the 
north Delta diversion. However, in the case of selenium, changing the pumping 
operation location in conjunction with the establishment of ROAs in the South Delta has 
a potential significant effect. Changing to the north Delta diversions shifts the primary 
source of water in the South Delta to San Joaquin derived water rather than 
Sacramento source water under certain conditions. 
It is recognized that Methylmercury concentrations would continue to exceed criteria 
under the BDCP and restoration actions are likely to increase production, mobilization 
and bioavailability of Methylmercury (5.D-24, lines 41-44). There is considerable 
uncertainty related to Methylmercury production resulting from BDCP activities. This is 
due in large part to site-specific information needed to construct reasonable models and 
trophic interactions from various sources are not easily modeled (5.D-22, lines 11-17) 
DSM2 is a one-dimensional model that represents open water areas as well-mixed, 
continuously stirred tank reactors. In addition, the location of the ROAs and how these 
areas are connected to the adjacent channels is unknown.  
Currently, dissolved Se in the San Joaquin is an order of magnitude higher than in the 
Sacramento River. (Monsen et al. 2007) Therefore, even if the proportion of San 
Joaquin discharge relative to the Sacramento River is low, the increase in Se 
concentration could still be significant. This conclusion should be reviewed. There is 
much uncertainty in the DSM2 results, especially for residence times in the newly 
established open water regions. 
Section 5.D.43 (lines 8-10) on the impact of restoration on ammonium suggest that 
restoration will not have an impact on NH4 concentrations – This is overly simplistic as 
tidal wetlands are known to be important in nitrogen biogeochemistry, acting as a 
source via sediment re-mineralization (Cornwell et al. 2014) or clam excretion (Kleckner 
2009) or as a sink via organic matter production or coupled nitrification – denitrifcation 
(Cornwell et al. 2014).  
Conservation Measure 13: Invasive Aquatic Vegetation Control is discussed in Section 
5.F-6. There is little consideration of the potential effects on lower trophic levels (algal 
primary producer) due to herbicide applications. This issue is raised in a single bullet on 
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page 5.F-130 Line 24-25. While the literature is not well developed for the SFE there is 
at least some indication that herbicide applications are detrimental to photosynthetic 
organisms (phytoplankton). This should be addressed as a possible effect with 
implications for adaptive management. 
  

Appendix 5.F—Biological Stressors on Covered Fish 

Summary 
Appendix 5.F examines the effects of 10 conservation measures on four key biological 
stressors:  invasive aquatic vegetation (IAV), predation, invasive mollusks, and 
Microcystis. Effects of these actions on fishes was largely based on professional opinion 
while utilizing available information. While intentions of these actions is good, the 
outcome for fishes is uncertain, indicating the need to monitor and adapt. Key issues 
include expansion of invasive clams that consume phytoplankton, more favorable 
conditions for Mycrocystis and harmful algal blooms, and continuous effort needed to 
control invasive aquatic vegetation and predator abundances.  

Recommendations 
• Page 5.F-107, last paragraph, first sentence, and Executive Summary:  The 1% 

to 12.8% range in predation effects due to the north Delta diversion is a mixture 
of population-level and localized effects and should not be treated as measuring 
the same quantity. That range estimate is deceptive and technically incorrect. 

• Monitor progress and maintain efforts to control invasive species than impact 
covered fishes. 

Comments 
Biological stressors can result from “competition, herbivory, predation, parasitism, toxins 
and disease.”  The objective of the conservation measures is to reduce the negative 
effects of key biological stressors on covered fish species. Appendix F examines the 
effects of 10 conservation measures on four key biological stressors:  invasive aquatic 
vegetation (IAV), predation, invasive mollusks, and Microcystis. This review is designed 
around the four biological stressors and the prospects for change under the BDCP plan. 
Invasive Aquatic Vegetation (IAV). The plan states controlling IAV is expected to reduce 
densities of largemouth bass but could enhance open water conditions favorable to 
striped bass. The control of IAV should increase turbidity which should be beneficial to 
foraging by juvenile fish and reduce predation. Brazilian waterweed (Egeria densa) and 
water hyacinth (Eichhornia crassipes) are the two most abundant IAV in the Delta. The 
CM13 proposes to treat approximately 1,700–3,400 acres of Egeria per year in and 
near restored habitat. Currently, Egeria is increasing at a rate of approximately 15% per 
year. Efforts will need to be sustained and focused to be effective. 
Assessments of the benefits of IAV control were based on “scientific literature,” 
consultations with local experts, and conceptual models of key processes, habitat, and 
covered fish species. There is also practical experience to draw from. At Franks Tract, 
Egeria control was 47% effective (5.F-40), while Delta-wide Egeria continues to expand 
at about 15%/year. Annual treatment of 1500 acres/year would be expected to maintain 
the status quo. 
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Figure 5.F.5-3 projects it would take approximately 10 years to eradicate Egeria under a 
high treatment scenario and a 20% annual expansion rate. Some of this benefit may be 
offset by the fact that habitat restoration under the Plan would also create susceptible 
Egeria habitat. Water hyacinth control, on the other hand, appears to be already 
successful.  
Predation. Predation control is to be locally focused on predator hotspots. Ten spots 
have been specified, along with the new north Delta water diversion facilities and 
nonphysical barriers. It is unclear how effective these localized remodels will be 
because the predators being controlled (i.e., largemouth bass and striped bass) are 
moderately to highly mobile. 
For the north Delta diversion facilities, two approaches were used to estimate predation-
related effects:  bioenergetics modeling and fixed estimate of 5% predation loss at each 
of three intakes screens. The Executive Summary states predation losses at north Delta 
intakes should be from less than 1% to 12.8%. However, this range is contradicted by 
the simple fixed estimate model:  Assuming three intakes each with a 5% independent 
rate of loss, then the overall rate is 1 – (1 – 0.05)3 = 0.1426 or 14.26%. The 
bioenergetics model was considered the Plan’s best approach to assessing predation 
near the intakes. However, the fourth assumption of this model (p. 5.F-15) states 
predation was assumed to be proportional to the prey’s relative abundance. This is in 
contrast with most energetics models that assume consumption has a lower threshold 
dependent on the predator’s physiology and size. Predation is then proportional to 
predator abundance. The analysis also apparently ignores smaller size prey 
(assumption 6, p. 5.F-16). This analysis was also based on guesstimates of expected 
predator abundance at the future north Delta intake facilities. The model also assumes 
all prey are at equal risk, regardless of their location in the channel. 
Using the bioenergetics models to express the effects of predation at the north Delta 
intakes as a percentage of total juvenile predation can be misleading (p. 5.F-75). 
Localized predation rates are more useful and can be compared to the 5% design 
specifications. Alternatively, the effect of predation at the intakes could be expressed in 
terms of proportional change in through-delta survival. Under the fixed predation loss 
method, it is unclear how proportions of 11.7%, 12.1%, and 12.8% for various fish 
stocks are estimated (p. 5.F-77) when a simple model based on independent intake 
events estimates (1 – (1 – 0.05)3 × 100% = 14.26%. 
The predator removal program at the north Delta intakes and elsewhere is projected to 
remove 8,840 striped bass annually. The net effect is a project reduction in 13,320 
juvenile salmonids being consumed. The Plan does not estimate the fraction of striped 
bass removal in the delta (i.e., another measure of relative reduction in predation). The 
Plan states it is uncertain how long such a removal effort could be sustained, and that 
predator removal treatments are likely short lived. 
The effects of habitat restoration on predator control are uncertain. Effects on turbidity, 
flow, etc., may be much localized. In addition, it is unclear whether restoration actions 
will benefit prey, predators, or both.  
Invasive Mollusks. The overbite clam (Potamocorbula amurensis) currently dominates 
the brackish transition zone of the delta estuary. Its presence has dramatically altered 
the zooplankton community. It can filter the entire water column once a day in delta 



P a g e  | 70 
 
channels. The decline in phytoplankton has been subsequently correlated with declines 
in copepods and mysid shrimp, a food source of the delta smelt and longfin smelt. The 
overbite clam has a salinity range of tolerance that could be affected by the Plan’s water 
operations. There is expected to be “generally little difference (25%) in average suitable 
habitat for the clam between EBC2 scenarios and ESO scenarios . . . .”  However, there 
is risk of Potamocorbula expansion: 

“For ESO without Fall X2 (modeled as ALT1_ELT and ALT1_LLT), the area of 
suitable abiotic habitat for Potamocorbula would increase 7 to 9% in wet water-
year types compared with the EBC1 baseline, but would be little different for all 
other water-year types. Suitable abiotic habitat for clams would increase in wet 
and above normal water-year types by about 18 to 28% in early long-term 
compared with EBC2 baselines (EBC2, EBC2_ELT) and increase 11 to 30% in 
late long-term.” (Appendix 5.f, page 5.F-117, lines 7-11) 

Restoration actions to produce more shallow water habitat may not have a net positive 
effect. While shallow water habitat produce phytoplankton, the presence of Corbicula 
may result in a phytoplankton sink (p. 5.F-121). One of the few management options is 
to manipulate salinity which is a function, in part, of river flow. The water withdrawals 
from the north Delta Diversion should not help the situation. Decision whether to 
implement the Fall X2 will affect the area of notable colonization by Potamocorbula.  
Mycrocystis. Microcystis blooms can have an adverse effect on phytoplankton, 
zooplankton, and fish. Factors associated with blooms include high water temperature, 
high water transparency, low flows, high nutrient concentration, and high 
nitrogen/phosphorus (N/P) ratios. Runoff from land use contributes to these favorable 
conditions. Microcystis affects fish populations through declines in food sources, 
mortality, and reduced fecundity. Water operations that reduce flow and increase water 
residence time may promote Microcystis. Shallow water habitat reduction may also 
promote Microcystis. Actions that increase water velocity and turbidity are helpful in 
controlling Microcystis blooms. ESO_ELT and LOS_ELT scenarios are projected to 
increase average water residence time (Table 5.F.8-2), which would have a detrimental 
effect in trying to control Myrcocystis. Submerged aquatic vegetation (SAV) control may 
produce water conditions unfavorable to Microcystis. Climate warming may be a 
significant driver in Microcystis trends in the future. 
 

Appendix 5.G—Fish Life Cycle Models 

Summary 
It is not clear to the Panel why life cycle models were not developed specifically for the 
evaluation of the BDCP. The Panel previously identified a number of expectations for 
the life cycle model appendix, which had yet to be released. The Panel also recognized 
that these expectations might not be achieved, and noted that the inability to achieve 
these expectations would indicate higher uncertainty in the ability of the BDCP to 
achieve the biological goals and objectives.  
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Recommendations 
• Provide more detailed description of the 14 different scenarios modeled (Table 5.G-

2) than shown on p. 5.G-17. For instance, specify what are the low- and high-flow 
operations specified in scenarios HOS and LOS. 

• Check survival estimates. The 94-98% or 96-98% survival values (inconsistent text, 
p. 5.6-42 and Table 5.G-3) between ocean entry and age 2 seem very high. 
Rechisky et al. (2009), for instance, found early ocean survival of yearling Chinook 
salmon smolts from the Columbia River to be as low as 0.28 within the first month. 
Rechisky et al. (2012) reported early ocean survival of yearling Chinook salmon 
smolts to range from 0.04–0.29. 

• Clarify what information and how the information from Michel (2010) and Perry et al. 
(2013) were incorporated in the IOS models (page 5.G-44). 

• Perform a sensitivity analysis at to generate confidence intervals at the north delta 
intakes using mortality values at existing structures (Perry 2010) (p. 5.G-46). The 
95% survival value used in simulations of the north Delta intake is an engineering 
specification.  

• Consider describing extinction rates. OBAN – Adult Escapement (pp. 5.G-51 to 5.G-
61). Examination of plots (Figure 5.G-15, p. 5.G-19) suggests extinction rates for 
winter-run Chinook salmon would be very high for all long-term (LLT) scenarios and 
not insignificant for short-term (ELT) scenarios. 

• Compare model output as described below. Escapement values for OBAN (Tables 
5.G-8 and 5.G-12) and IOS (Table 5.G-24) models differ by roughly a factor of 5. No 
formal comparison of the model projections from the IOS and OBAN models was 
presented. A ranking of model output for median adult escapement of the two 
models shows reasonable agreement (see Table 1 below). The two models flip the 
number 1 and 2 ranks of scenarios EBC1 and EBC2. The largest discrepancy was in 
scenario HOS-LLT with alternative rankings of 5 and 8. Such a table should be 
included in the report, along with an analogous comparison of through-Delta 
survival. A comparison of scenarios ranks is in keeping with the sentiment that only 
the relative output of the models be considered.  

 
Table 1  Relative ranking of alternative model scenarios for medial adult escapement based on the IOS and OBAN 
models (1 = highest, 10 = lowest). 

 EBC
1 

EBC
2 

EBC2
-ELT 

EBC2
-LLT 

ESO-
ELT 

ESO-
LLT 

HOS-
ELT 

HOS
-LLT 

LOS-
ELT 

LOST
-LLT 

IOS 1 2 3 7 6 10 4 5 8 9 
OBAN 2 1 3 7 4 9 5 8 6 10 
 
• Define ES0 95 ELT. Sensitivity analysis (p. 5.G-79) refers to a model (i.e., ES0 95 

ELT) not defined in Table 5.G-2 at the beginning of the Appendix. 
• Evaluate and compare sensitivity of populations to a broader range in mortality at 

the north delta intakes and passage through the Delta. A 5% mortality at the north 
Delta intake is projected to cause a 58 to 61% reduction in adult escapement (i.e., 
EBC2- ELT or EBC2-LLT vs. ESO-95-ELT or ESO-95-LLT). This is a huge effect 
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that would have to be mitigated by other BCDP conservation actions. Presently, 5% 
entrainment is based on engineering specifications and is lower than at other intake 
facilities (Perry 2010). These results are also in sharp contrast when through-Delta 
mortality was increased by 5% and escapement changed by only 0 to 4.6% in the 
OBAN model. Additional analyses must be done over a wider range of mortality 
values, 1% to 10%, to assess how bad the intake problem could be and how well 
must the intake function. In addition, the discrepancy between the effects of the 5% 
north Delta intake mortality and the 5% through-Delta mortality needs to be 
reconciled. It is unclear why these sensitivity results noted in the Conclusion (5.G.4) 
were not reconciled. They appear to be an important finding of the life cycle analysis.  

Comments 
A total of 17 candidate life cycle models were considered for use in the Effects Analysis 
(seven Chinook, eight smelt, one splittail, and one steelhead model). Appendix 5.G 
reviewed a number of life history models in the Central Valley, but concluded that only 
two of the Chinook models (i.e., Interactive object-oriented simulation [IOS] model and 
Oncorhynchus Bayesian analysis [OBAN]) were applicable to the BDCP. The OBAN 
model for winter Chinook involved factors such as water temperature in the Sacramento 
River (Bend Bridge), exports at the south Delta pumps, days of flow in Yolo Bypass, 
Delta Cross Channel operation, striped bass (predator) abundance, ocean harvest and 
ocean upwelling. None of the smelt models were selected, despite the fact that four 
models (state-space, multivariate autoregression, Bayesian change point, and smolt 
survival regression) met their five selection criteria. Given the relative importance of the 
delta smelt, it is unclear how none of the models met the criteria of best available 
science. It is also unclear, given the important of BDCP, why the plan did not invest in 
independent model developed tailored to its objectives or invest in modifying one or 
more of the existing models to better meet the objectives of the plan. The IOS and 
OBAN models were used to assess effects only on winter-run Chinook salmon.  
Under the BDCP, the ISO and OBAN models were used to simulate the projected 
effects of:  

a. Benefits of CM 2 Yolo Bypass Fisheries Enhancement 
b. Benefits of SM 15 Nonphysical Barriers (assumed 67% diversion away from 

Georgiana Slough) 
c. Detrimental effects of juvenile entrainment at north Delta intakes (assumed 5% 

mortality) 
No other BDCP conservation measures were considered. How the benefits of Yolo 
Bypass Fisheries Enhancement were modeled is unclear.  
The OBAN model “cannot account for north Delta exports” and “does not include any 
Delta flow-based covariates other than export (EXPT) and Yolo Bypass inundation 
(YOLO) and, therefore, cannot account for any potential changes in survival below the 
north Delta diversions, e.g., because of changes in water velocity” (p. 5.G-32). 
Consequently, the effect of lower flows due to water withdrawal or slower water 
velocities and subsequent increased smolt predation were not incorporated in the 
OBAN modeling. Appendix 5.G goes on to state that because of these modeling 
limitations, all performance measures should be compared on a relative basis. 
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However, ratios of model output (i.e., relative differences) will not eliminate biases due 
to structural defects in the model under alternative scenarios. 
The IOS model also assumed “survival and travel times during River Migration are 
independent of flow” (p. 5.G-44). However, the IOS model does model the effects of 
flow and route selection and water exports on smolt survival in the Delta (p. 5.G-33). 
Such assumptions are very important because water withdrawals will affect flows which, 
in turn, are known to affect the travel time and survival of salmon smolts. 
Calibration of the models was limited by available data which, in turn, can limit the range 
in valid model response. Nevertheless, model descriptions are generally adequate as a 
whole. Primary model outputs considered median through-Delta survival and annual 
escapement. In population assessments of endangered or listed species, it is common 
to include 50-year or 100-year extinction rates. Increasing median escapement has 
limited value if a salmon population continues to have an unexceptionally high 
probability of extinction in the future. The simulations should also be summarized in 
terms of extinction rates under the 14 different operational/environmental scenarios 
(Table 5.G-2). 
The appendix does not include a formal comparison of model output for OBAN and IOS, 
either on an absolute scale or relative scale. It should be acknowledged that adult 
escapement differs between models by a weighting factor of 5. More importantly, the 
relative ranking of the different BDCP scenarios (Table 5.G.-2) between models should 
be included in Appendix 5.G. Certainty should be assessed, in part, based on the 
degree of consistency in model predictions. 
 

Appendix 5.J—Effects on Natural Communities, Wildlife, and Plants 

Summary 

In general, the Panel felt that the information in Appendix 5.J was clearly presented in 
the tables and figures. Because so much of the information in the appendix depends on 
the accuracy of the GIS database, the authors should provide a reference or preferably 
a link to a description of the database and an analysis of its accuracy. As discussed in 
other sections of our review, providing a single value for the number of acres of habitat 
that will be occupied by each species is scientifically questionable. 

   Recommendations 
• The description of the methods used to arrive at the number of acres of restored 

habitat that will be occupied needs to be revised. 
• Consider including a range of values (minimum and maximum) of potential 

occupied habitat rather than a single value. 

Comments 
Appendix 5.J is divided into five sections each of which addresses a different 
conservation issue related to natural communities. Our comments on some sections are 
rather brief and some questions are not relevant to a section so we have included our 
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comments on each section under each question. If there are no comments on a section 
under a particular question, we felt there was no need to address it. 

a. How well are the proposed analytical tools defined, discussed and integrated? 
Construction-Related Nitrogen Deposition on BDCP Natural Communities 
The analysis of construction-related nitrogen deposition is thorough and sufficient. It is 
clear that the amount of nitrogen produced by construction-related activities of the 
BDCP will be negligible relative to the amount that is currently being contributed by the 
surrounding urban and agricultural areas. 
Natural Community Restoration and Protection Contributing to Covered Species 
Conservation 
The estimates of the current distribution of natural vegetation types in the Plan Area 
depend on the accuracy of the GIS database that used for the analysis. Provide a 
citation for the database and a brief discussion of the error associated with the different 
community types. In addition, the description of the approach that was used to estimate 
the amount of habitat for each species (pp. 5J.B-1 and 5J.B-2) is poorly worded and 
needs revising. The description should state that the details of the approaches used to 
develop the species-specific habitat models are provided in the species accounts in 
Appendix 2A. 
Analysis of Potential Bird Collisions at Proposed BDCP Powerlines 
The authors did an excellent job of integrating spatially explicit information about roost 
and foraging sites in the Plan Area to estimate the number of potential encounters with 
power lines and combining this with information in the scientific literature on mortality 
estimates from each encounter. 
Indirect Effects of the Construction of the BDCP Conveyance Facility on Sandhill Crane 
The authors considered all of the important indirect effects of the construction on 
sandhill cranes in the Plan Area. The analytical tools they used were appropriate for the 
analyses. Most of the estimates of indirect effects came from studies in other regions 
but that is unavoidable because no detailed studies have been conducted in the Plan 
Area. 
Estimation of BDCP Impact on Giant Garter Snake Summer Foraging Habitat (Acreage 
of Rice) in the Yolo Bypass 
This section is a simple accounting of the number of acres that are planted to rice within 
the Yolo bypass that may be removed when the bypass is inundated. Rice fields are 
used as foraging habitat by giant garter snakes and therefore could result in a loss of 
this habitat for the snake in the Plan Area. By intersecting the maximum amount of rice 
that was planted in area with the inundation level that results in the maximum amount of 
rice removed, the analysis provides an estimate of the maximum amount of potential 
foraging habitat that will be removed. We feel this approach is adequate to address this 
very specific question. 
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b. How clear and reasonable is the scale of analysis? 
Natural Community Restoration and Protection Contributing to Covered Species 
Conservation 
The scale of vegetation distribution information (1 acre, from Appendix 2A) is 
reasonable for most species. Although some wildlife species may use habitat patches 
that are < 1 acre, it is unlikely that those patches contribute significantly to the amount 
of suitable habitat in the Plan Area. 

c. How well were the Panel’s earlier comments addressed and applied in the technical 
appendices/analyses?  

Natural Community Restoration and Protection Contributing to Covered Species 
Conservation 
Earlier comments were addressed to some degree. The previous version of this 
appendix did not have any text at the beginning describing the methods that were used 
to arrive at the numbers presented in the tables. The description, however, needs to be 
edited and should specify that the assumptions behind the approaches used when 
developing habitat models can be found in Appendix 2A. 
The other sections of this appendix were not previously reviewed. 

d. How well did the technical appendix evaluate the effects of potential BDCP 
conservation measures on the specified variable(s)? 

Natural Community Restoration and Protection Contributing to Covered Species 
Conservation 
As discussed in our review of Chapter 5, the estimate of the amount of habitat that will 
be occupied by a species following restoration is questionable. The number of acres of 
suitable habitat that are temporarily or permanently removed and restored are clearly 
conveyed in the tables in Appendix 5.J. But, the approach used in Appendix 5.J 
assumes that the proportion of the appropriate habitat that is within the current range of 
the species in the Plan Area is an appropriate estimate of the proportion of suitable 
habitat that will be occupied when habitat restoration measures are completed. 
However, if habitat restoration does not occur within the potential range of the species 
in the Plan Area, none of it will be occupied. The best way to address this is to set 
specific goals for habitat restoration within the potential range of the species in the Plan 
Area and to identify occupancy thresholds.  

e. Were the conclusions drawn from the results accurate and did these conclusions 
appropriately consider uncertainty, including chained statistical uncertainties? 

Natural Community Restoration and Protection Contributing to Covered Species 
Conservation 
As discussed in our review of Chapter 5, uncertainty was not considered when 
estimating the number of acres of restored habitat that a species would occupy 
following restoration. 
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f. Were appropriate models used in the technical appendices? If model results 
conflicted, was this clearly stated and was the conflict appropriately addressed? 

Analysis of Potential Bird Collisions at Proposed BDCP Powerlines 
The authors considered all 12 bird species that are covered by the BDCP when 
addressing collision risk. They concluded, and we concur, that the only species that 
may suffer significant mortality from BDCP-related power lines in the areas is the 
sandhill crane. The authors used the highest estimate of the probability of mortality due 
to power line collisions from the published literature when making their computations. In 
addition, their estimates of the number of potential encounters between cranes and 
power lines were based on spatially explicit data from the BDCP region. We feel their 
estimate of potential crane mortality from new power lines that will be constructed is 
appropriate based on the information available from the site and the literature. We also 
feel that the estimates of the reduction in crane mortality due to placing bird diverters on 
existing lines are appropriate. We emphasize, however, that crane mortality from power 
line collisions should be closely monitored in the Plan Area and additional bird diverters 
should be put in place if targets for overall reduction in crane collisions are not 
achieved. 

g. How well are the models and analyses described, interpreted and summarized? 
Analysis of Potential Bird Collisions at Proposed BDCP Powerlines. The results of their 
analyses are well described and are well summarized in Tables 2-7 of Appendix 5.J.C. 
Their estimates of the mitigation from marking power lines are also well described and 
summarized in section 5.0 of Appendix 5.J.C. 
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Appendices 

Appendix A—BDCP Effects Analysis Scientific Review Panel members 
biographies 

Nancy Monsen – Delta Hydrodynamics, Stanford University 
Dr. Monsen's research has focused on multi-dimensional hydrodynamic modeling of the 
Sacramento-San Joaquin Delta for twenty years. Her PhD research was based on the 
TRIM3D hydrodynamic model. She also has consulting experience with the DELFT3d 
hydrodynamic model. She is currently Visiting Scholar in the Environmental Fluid 
Mechanics Laboratory, part of the Civil and Environmental Engineering Department, at 
Stanford University. Over the prior two years, Dr. Monsen worked as a Stanford 
Research Associate on a Delta Science program funded research project to develop a 
multi-dimensional hydrodynamic model of the Sacramento-San Joaquin Delta using 
Stanford’s SUNTANS model. Prior to working at Stanford, she worked for ESA PWA 
(formerly Philip Williams and Associates) for a year and a half and at the U.S. 
Geological Survey (Menlo Park, National Research Program) for ten years. Dr. Monsen 
earned her doctorate in Civil and Environmental Engineering at Stanford University in 
2001. 

Greg Ruggerone – Anadromous Fish 
Dr. Ruggerone has investigated population dynamics, ecology, and management of 
Pacific salmon in Alaska and the Pacific Northwest since 1979. He was the Project 
Leader of the Alaska Salmon Program, University of Washington, from the mid-1980s to 
early 1990s where he was responsible for conducting and guiding research at the 
Chignik and Bristol Bay field stations. Most of his research involves factors that affect 
survival of salmon in freshwater and marine habitats, including climate shifts, habitat 
degradation, predator-prey interactions, and hatchery/wild salmon interactions. He is 
currently a member of the Columbia River Independent Scientific Advisory Board and 
the Independent Scientific Review Panel. He recently served as the fish ecologist on the 
Secretary of Interior review of dam removal on the Klamath River. 
 (http://www.nrccorp.com/staff/staff_ruggerone.htm). 

Charles (Si) Simenstad – Pelagic/Native Fish 
Charles (“Si”) Simenstad, Research Professor at the University of Washington’s School 
of Aquatic and Fishery Science (SAFS), is an estuarine and coastal marine ecologist 
and coordinator of the Wetland Ecosystem Team (WET). Si has studied the 
organization and function of estuarine and coastal marine ecosystems throughout Puget 
Sound, Washington, Oregon and California, and Alaska for over forty years. Much of 
this research has focused on the functional role of estuarine and coastal habitats to 
support juvenile Pacific salmon and other biotic communities, and the associated 
ecological processes and community dynamics that are responsible for enhancing their 
production and life history diversity. Recent research has integrated such ecosystem 
interactions with applied issues such as restoration of estuarine and coastal wetland 
ecosystems, and ecological approaches to evaluating the success of coastal wetland 
restoration from ecosystem to landscape scales. He is presently Co-Editor in Chief of 
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Estuaries and Coasts, on the Editorial Board of San Francisco Estuary and Watershed 
Science, volume co-editor for the “Treatise on Estuarine and Coastal Science”, a 
standing member of the Scientific Advisory Group (SAG) of the Interagency Ecological 
Program (IEP) in the San Francisco Bay-Delta, and was recently appointed to 
Environmental Advisory Board to the Chie of Engineers, US Army Corps of Engineers; 
(http://fish.washington.edu/people/simenstd/). 
 
John Skalski – Fishery population dynamics and modeling 
Dr. Skalski is a Professor of Biological Statistics in the School of Aquatic & Fishery 
Sciences, College of the Environment, at the University of Washington. He is also an 
adjunct professor in Quantitative Ecology and Resource Management and Wildlife 
Sciences, and an instructor in the Center for Quantitative Sciences. His expertise is in 
sampling theory, parameter estimation, mark-recapture theory, and population 
dynamics. His research focuses on the development of sampling methodology, field 
designs, and statistical tests for human-induced and natural effects on organismic and 
ecological systems. He is the statistician in charge of survival compliance testing at all 
13 major hydroprojects in the Snake-Columbia River system. He has authored or 
coauthored over 100 technical reports on salmonid survival studies and over 40 peer-
reviewed articles on tagging studies. Dr. Skalski is a member of the American Statistical 
Association, The Wildlife Society, and the American Fisheries Society. He is also a 
Certified Wildlife Biologist through The Wildlife Society. 

Alex Parker – Aquatic Ecology/Food Webs 
Alex Parker is an Assistant Professor of Oceanography at the California Maritime 
Academy, CSU and a Research Associate at the Romberg Tiburon Center, San 
Francisco State University. His Ph.D. work (College of Marine Studies, University of 
Delaware) focused on microbial biogeochemistry in the Delaware Estuary, a highly 
modified estuary on the US East Coast. Dr. Parker was a CALFED Post-Doctoral 
Science Fellow. His work in the San Francisco Estuary includes the study of pelagic 
phytoplankton rate processes, wetland primary producers, the dynamics of heterotopic 
bacteria and the carbon and nitrogen physiology of cyanobacteria in the SFE Delta. 
Additionally, Dr. Parker has carried out research in coastal and equatorial upwelling 
areas as well as polar environments.  

Tom Parker, Plant Communities  
Thomas Parker is Professor of Ecology and Evolution at San Francisco State University 
who studies the ecology and evolution of plant communities, focusing on their 
dynamics. Current research includes the effects of climate change on tidal wetlands of 
the San Francisco Bay-Delta, and the ecology and evolution of Arctostaphylos species 
in chaparral and other communities (http://bio.sfsu.edu/people/v-thomas). 

T. Luke George, Terrestrial Ecology  
Dr. George has been a faculty member in the Department of Wildlife at Humboldt State 
University since 1991. He specializes in the design, implementation, and analysis of 
demographic, population monitoring, and habitat selection studies of terrestrial 
vertebrates. His recent work has focused on estimating demographic parameters and 
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modeling habit selection of threatened and at risk species including the San Clemente 
sage sparrow, northern spotted owl, greater sage grouse, and tricolored blackbird. Dr. 
George assisted with the development of a population viability analysis (PVA) of the 
San Clemente sage sparrow and has served as an advisor on PVAs of Western snowy 
plovers and San Clemente loggerhead shrikes. He has conducted research on habitat 
selection and space use of Steller’s jays and common ravens in Redwood National and 
State Parks and has advised state and federal agencies on strategies to reduce nest 
predation by corvids on marbled murrelets, Western snowy plovers, and other 
threatened and endangered species in California. 
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Appendix B—Charge to the Delta Science Program Independent Review Panel 

for the BDCP Effects Analysis Review, Phase 3 (dated 2/12/2014) 
The Panel will be charged with assessing the scientific soundness of Chapter 5: Effects 
Analysis and the associated technical appendices. The Panel will make 
recommendations for how these might be improved with respect to achieving their 
stated goals. Specific attention will be given to the following questions: 
 
Chapter 5: Effects Analysis 
General Questions 

1. How well does the Effects Analysis meet its expected goals? 
2. How complete is the Effects Analysis; how clearly are the methods 

described? 
3. Is the Effects Analysis reasonable and scientifically defensible? How 

clearly are the net effects results conveyed in the text, figures and 
tables? 

4. How well is uncertainty addressed? How could communication of 
uncertainty be improved? 

5. How well does the Effects Analysis describe how conflicting model 
results and analyses in the technical appendices are interpreted? 

6. How well does the Effects Analysis link to the adaptive management 
plan and associated monitoring programs? 

 
Review of Specific Analyses 

7. Are the analyses related to the north Delta diversion facilities 
appropriate and does the effects analysis reasonably describe the 
results? In particular:  

• Was existing empirical information such as Perry et al. 2010 and Newman 2003 
incorporated appropriately into the modeling? Where model runs required 
extrapolation beyond existing data ranges, were assumptions and interpretations 
appropriate?  

• Does the analysis of the frequency of reverse flows at 
Georgiana Slough accurately characterize changes in 
hydrodynamics due to changes in river stage, sea level rise, 
and Delta habitat restoration? 

  
8. How should the effects of changes in Feather River flows on fish 

spawning and rearing be characterized? In particular, how should the 
trade-off between higher spring flows and lower summer flows be 
interpreted? Does the analysis adequately capture the expected 
benefits of CM 2, Yolo Bypass Fishery Enhancement?  

9. Does the analysis adequately describe the predation and other 
screen-related effects of the proposed north Delta diversion 
structures? Is the application of the observed mortality rate at the fish 
screen of the Glenn-Colusa Irrigation District (GCID) an appropriate 
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assumption for expected mortality at the proposed BDCP north Delta 
intakes?  Are there other studies on salmonid survival at positive 
barrier fish screens that would be appropriate to apply? 

10. Does the effects analysis provide a complete and reasonable 
interpretation of the results of physical models as they relate to 
upstream spawning and rearing habitat conditions, particularly 
upstream water temperatures and flows resulting from proposed 
BDCP operations? 

11. Does the effects analysis use a reasonable method for “normalizing” 
results from the salvage-density method to the population level for 
salmonid species? 

12. Are the assumptions of the analysis of aquatic habitat restoration food 
web effects appropriate for covered fish species?  Are the conclusions 
and net effects appropriate? 

13. Is the analysis of food web benefits to longfin smelt from habitat 
restoration appropriate?  How well do the analyses link intended food 
web improvements to improvement in the longfin smelt spring Delta 
outflow/recruitment relationship? 

14. How well does the analysis address population-level effects of the 
BDCP on white sturgeon? 

 
Technical Appendices 
For each Chapter 5 technical appendix: 
 
Approach and Analysis 

a. How well are the proposed analytical tools defined, discussed and 
integrated? 

b. How clear and reasonable is the scale of analysis? 
c. How well were the panel’s earlier comments addressed and applied in the 

technical appendices/analyses?  
d. How well did the technical appendix evaluate the effects of potential BDCP 

conservation measures on the specified variable(s)? 
e. Were the conclusions drawn from the results accurate and did these 

conclusions appropriately consider uncertainty, including chained statistical 
uncertainties? 

 
Models 

f. Were appropriate models used in the technical appendices? If model 
results conflicted, was this clearly stated and was the conflict appropriately 
addressed? 

g. How well are the models and analyses described, interpreted and 
summarized? 
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Appendix C—Observed tidal stage and flow time series data from three key 

locations along the Sacramento River (from BDCP Appendix 5A-D1, pp. 128-
129)  
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Appendix D—Variance Calculations Associated with Salvage Model 
Estimator of average salvage: 
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However, if the variance of 𝑆̅̂ is calculated based on the empirical variance of the 𝑛𝑚 
values, the variance has the expected value as follows: 
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Note variance as calculated (3) is smaller than the correct variance (2). The first term of 
Equation (3) is inappropriately divided by 𝑚. Hence, CI width and uncertainty will be 
underestimated. 
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