
 

APPENDIX A 1 
 2 

Responses of the Delta Independent Science Board 3 
to charge questions provided by the Delta Stewardship Council  4 

SUMMARY 5 

 This appendix addresses four groups of questions that were provided by Delta 6 
Stewardship Council staff to help us, the Delta Independent Science Board, frame our 7 
legislatively mandated review of the Draft EIR/EIS of the Draft Bay Delta Conservation Plan 8 
(BDCP). The summary on this page reproduces, in italics, the headings under which the Council 9 
staff grouped the charge questions. Our responses include comments on related sections of the 10 
Draft BDCP Plan. 11 
 Overall, we found extensive description and analysis of the proposed conveyance 12 
facilities and operations and of the associated habitat Conservation Measures. Our responses 13 
focus on causes for concern about the effectiveness of the proposed Conservation Measures.  14 
 Completeness, structure, and effectiveness of presentation—The analyses vary in the 15 
rigor of the science employed. They appear incomplete in deferring detailed assessment of 16 
habitat restoration; in mostly neglecting Delta levees, San Francisco Bay, and effects of 17 
fertilizers and pesticides in water-service areas; and in not applying formal tools of risk-based 18 
decision making. The presentation is short on analytical summaries that readers will need to 19 
make informed comparisons among the various alternatives. Such summaries are needed further 20 
for synthesis of findings that are presented repetitively or are scattered widely. Notably lacking 21 
are graphics that provide data-rich synthesis at a glance. 22 
 Approach, analysis, tools and modeling—Few of the many uncertainties in EIR/EIS are 23 
acknowledged in conclusions about impacts and mitigation actions. Assumptions are rarely listed 24 
fully and conspicuously. 25 
 Monitoring and adaptive management—The reviewed documents posit adaptive 26 
management of an uncertain future without examining plausible outcomes. The BDCP Plan 27 
presents adaptive management more as a notion than as a tested, problematic practice. We found 28 
no evaluation of adaptive management's prior use in the region or in analogous settings 29 
elsewhere, nor much consideration of the potentially confounding or constraining effects of 30 
biotic, abiotic, and societal factors or conflicting trends between species. The strategy presented 31 
hinges on trust in an Adaptive Management Team and in uncertain funding. 32 
 Statutory questions—In the Delta Reform Act of 2009, conditions for incorporating the 33 
BDCP into the Delta Plan include "comprehensive review and analysis" of effects related to 34 
freshwater flows, climate change, fish and aquatic resources, and water quality. Difficulties for 35 
the EIR/EIS in these areas include oversimplified modeling of water supply, neglect of 36 
ecosystem perspectives in impact assessments for fish and aquatic resources, reliance on 37 
hypothetical ecological benefits from restored tidal wetlands in assessment of those impacts, 38 
uncertain effects of climate change and sea-level rise on the proposed Conservation Measures, 39 
use of non-comparable data from different water-quality monitoring programs, and use of water-40 
quality guidelines that may provide insufficient protection to ecosystems. 41 
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REVIEW PROCESS AND SCOPE 88 

 California law directs the Delta Independent Science Board to review the Draft EIR/EIS 89 
of the Bay Delta Conservation Plan (BDCP). The directive states simply, "The Delta 90 
Independent Science Board shall review the draft environmental impact report and submit its 91 
comments to the council and the Department of Fish and Game" (Sacramento - San Joaquin 92 
Delta Reform Act of 2009, §85320(c)).  93 
 Staff of the Delta Stewardship Council helped us define the scope of this mandated 94 
review by providing specific charge questions1. The Council staff arranged the questions under 95 
four headings: 96 

• Completeness, structure, and effectiveness of presentation 97 
• Approach, analysis, tools and modeling 98 
• Monitoring and adaptive management 99 
• Statutory questions  100 

Our responses are grouped under these same four headings and address each of the questions in 101 
turn. Each question can be found quoted in full, in italics, beneath each of the headings above.  102 
 Most of the charge questions refer chiefly to material in the EIR/EIS. Some of our 103 
responses refer the reader to details in individual EIR/EIS chapter reviews, which can be found 104 
in Appendix B. 105 
 For some charge questions we also had to draw also on material in the BDCP Plan itself. 106 
This is particularly the case for the questions on monitoring and adaptive management.2.  107 
 The "Statutory questions" refer to §85320(b) of the Delta Reform Act. This section states 108 
conditions for incorporating the BDCP into the Delta Plan. Those conditions include 109 
"comprehensive review and analysis" of several of the topics considered in our comments below. 110 
 Our review refers to the Draft BDCP and the BDCP Draft EIR/EIS3. For brevity we refer 111 
in this appendix to these documents as the BDCP Plan and the EIR/EIS, respectively. 112 
 BDCP staff provided initial responses, dated March 7, 2014, to many of the points raised 113 
in a preliminary version of this appendix, on lines 24-52 of a "BDCP and EIR/EIS Review 114 
Document Comment Form"4. We refer to them as the Initial BDCP Responses.   115 

1  http://deltacouncil.ca.gov/sites/default/files/documents/files/Item_6_Attach_1_7.pdf 
2  The section below on monitoring and adaptive management, beginning on page 10, was written largely 
by Michael C. Healey, Professor Emeritus of Biological Oceanography at University of British Columbia, 
Lead Scientist of the Calfed Bay Delta Program in 2007-2008, and member of the Delta Independent 
Science Board in 2010-2012. 
3  Files dated December 9, 2013, and at http://baydeltaconservationplan.com/PublicReview.aspx 
4  http://deltacouncil.ca.gov/sites/default/files/documents/files/ISB-Comment-Form-040114-final.pdf 
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COMPLETENESS, STRUCTURE, AND EFFECTIVENESS OF PRESENTATION 116 

Articulation of objectives and purpose 117 

1. Are the project objectives and purpose clearly articulated, to enable the identification of a 118 
reasonable range of alternatives?  119 

 EIR/EIS Chapter 2 clearly articulates overall objectives and relates them to challenges to 120 
meeting the coequal goals. The statements of purpose address CEQA and NEPA requirements. 121 
Subsequent sections discuss ecosystems, water supply, and water quality. Supporting documents 122 
include primers on the Delta and water exported from it (Appendix 1A), potential risks from 123 
earthquakes and climate change (Appendix 3E), expected consequences of reducing exports to 124 
areas south of the Delta (Appendix 5B), and background on how the alternatives were developed 125 
(Plan, Appendix 3A).  126 
 Chapter 2 could frame water supplies more broadly to help show whether the range of 127 
alternative actions is "reasonable." For example, water exports from the Delta could be described 128 
as part of a portfolio of actions that include water conservation, reoperation, water markets, 129 
alternative conveyance, wastewater reuse, water storage, desalination, and regional self-130 
sufficiency. Citation could be made of the Delta Plan (2013), the California Water Action Plan 131 
(2013), and "Scarcity: the challenges of water and environmental management in the Delta and 132 
beyond," in National Research Council (2012, p. 29-46), as well as the "portfolio-based 133 
proposal" in EIR/EIS Appendix 3.11.1.1. 134 

Definition of alternatives 135 

2. Are the alternatives clearly defined?  136 

  EIR/EIS Chapter 3 contains detailed descriptions of action alternatives, and the meaning 137 
of "no action" is clarified by information in Appendix 3D, "Defining Existing Conditions, No 138 
Action Alternative, No Project Alternative, and Cumulative Impact Conditions." The "Highlights 139 
of the EIR/EIS brochure"5 offers a generalized guide to the action alternatives.  140 
 The EIR/EIS could identify the preferred CEQA alternative more clearly in several 141 
respects: 142 
• How strongly preferred is Alternative 4 if the eventual project is not required to resemble it 143 

(Chapter 3, p. 3-4; Highlights Brochure sidebar, p. 7)? 144 
• "As of this EIR/EIS, the federal Lead Agencies have not identified a Preferred Alternative for 145 

the purposes of NEPA" (p. 3-3). Please explain fully. 146 
• The reasoning that led to the preference for Alternative 4 could be brought forward from 147 

Chapter 31. Section 31.3 is far more informative than are its more prominently placed 148 
alternatives: a brief explanation in Chapter 3 (p. 3-3), a summary of an announcement by 149 
state and federal officials (p. ES-22), and descriptions that emphasize the screening process 150 
developed and used (EIR/EIS Chapter 3 and Appendix 3A; Plan Appendix 3A and Chapter 151 
9).  152 

5 Highlights+of+the+Draft+EIR-EIS+12-9-13.pdf, available at 
http://baydeltaconservationplan.com/PublicReview/PublicReviewDraftEIR-EIS.aspx 
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• The EIR/EIS blurs the most distinctive element of Alternative 4: the decision tree with four 153 
operational branches of Scenario H. The decisions are to be governed by research, but no 154 
plans for this research are presented (See ISB Appendix B). In its description of alternatives, 155 
Chapter 3 defers first mention of any of the four operation plans by name until a footnote on 156 
page 3-67, and a table on page 3-208 defines them in obscure shorthand. The Highlights 157 
Brochure cites H1, H2, H3, and H4 (p. 20) but does so without defining them (p. 10). 158 

 The EIR/EIS needs focused summaries of the expected performance of alternatives. For 159 
readers keen on details, the report could provide comprehensive spreadsheets. All readers, 160 
especially decision-makers and the broader public, need graphics that provide informative 161 
summaries at a glance, and which are linked to detailed tabular comparisons, as in this diagram:   162 

 163 

Range of alternatives 164 

3. From a scientific perspective, does the EIR evaluate a reasonable range of potentially feasible 165 
alternatives that would reduce or eliminate significant impacts of the project and obtain most of 166 
the basic project objectives and purpose? If potentially feasible alternatives are not fully 167 
evaluated, is a clear rationale provided as to why not? Are there potentially feasible alternatives 168 
that would reduce or eliminate significant impacts of the project and obtain most of the basic 169 
project objectives that should have been considered (and either rejected or fully evaluated) but 170 
were not?  171 

 Please see the comment above on reducing California's reliance on water from the Delta 172 
and its tributaries (p. 2).  173 
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Detail of analyses 174 

4. Are the alternatives studied in adequate detail to differentiate outcomes among the 175 
alternatives? 176 

 Overall, the EIR/EIS offers a level of detail that overwhelms more than it discerns. Much 177 
of this detail is unavoidable, given the large matrix of alternatives and impacts, the complexity of 178 
many of the scientific issues, and the associated uncertainties. The solution requires greater 179 
clarity in presentation (p. 5). 180 
 We extended the charge question on differentiating outcomes to include whether the 181 
analyses are thorough. We found the analyses less than thorough in three respects: they treat 182 
water-conveyance facilities more specifically than habitat restoration; they mostly neglect 183 
impacts on San Francisco Bay, Delta levees, and south-of-Delta agriculture; and they make little 184 
if any use of risk-based decision analysis.  185 

Program vs. project 186 
 The EIR/EIS makes clear that concurrent actions receive different levels of analysis (p. 187 
ES-4 to ES-5; 1-13 to 1-14; 4-2). The concurrent actions include construction of new north Delta 188 
diversion and conveyance facilities (Conservation Measure 1) and "near-term" acquisition and 189 
restoration of natural communities (Conservation Measures 3-10) (EIR/EIS, p. 3-21; BDCP Plan, 190 
p. 6-3). Conservation Measure 1 receives both program-level and project-level assessment, 191 
whereas the other actions only receive program-level assessment, which is less rigorous by 192 
definition.  193 
 The EIR/EIS offers several explanations for the different levels of analysis: the BDCP is 194 
to be managed adaptively; few sites of ecosystem restoration have been selected; restoration is 195 
still “at a conceptual level” of design; and project-level analysis of habitat restoration is to be 196 
carried out as the restoration efforts progress (EIR/EIS p. 4-2). Still, the effects of recent marsh 197 
restorations in the Delta and Suisun Marsh could help test the benefits of habitat restoration that 198 
the EIR/EIS assumes in concluding that a net impact is beneficial under NEPA or a less than 199 
significant under CEQA (e.g., Chapter 11, p. 3023). 200 

Impacts selected for thorough analysis 201 
 The impacts selected for analyses are described as "the direct and reasonably foreseeable 202 
indirect impacts associated with implementation of the BDCP alternatives" (Chapter 4, p. 4-10). 203 
However, the actual selections disregard:  204 
 Effects of altered Delta outflows on San Pablo Bay and San Francisco Bay. EIR/EIS 205 
section 4.2.1.2 dismisses impacts to San Francisco Bay with hardly any justification, as noted in 206 
our comments on Chapter 4 (Appendix B). The Initial BDCP Responses, in row 3, include the 207 
beginnings of what could be a helpful discussion of this basic scientific question, one that many 208 
are sure to ask.   209 
 Effects of and on levees. Although the EIR/EIS cites the threat of levee failures as a 210 
justification for new pipelines or canals, the reviewed documents offer no detailed analysis of 211 
how levee failures could affect the various alternatives, or of how the alternatives may affect the 212 
economics of levee maintenance. We found no part of the EIR/EIS, or of the BDCP Plan, that 213 
relates Delta levees to the BDCP in more than a piecemeal fashion. We discuss these concerns in 214 
our review of Chapter 9 (Appendix B).  215 
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 It can be argued that CEQA guidelines do not identify levees as resources; that BDCP is 216 
not a flood-control project; and that levee failure is too speculative for analysis. However, few 217 
Delta facilities are more important to its current functions than are its levees, and levee failure 218 
has happened too often (and the threat of future failures is invoked too much) to be excluded 219 
from thorough analysis in the EIR/EIS. 220 
 Effects on agriculture. We found little or no discussion of how increased reliability of 221 
water exports will affect applications of fertilizer and pesticides, salt accumulation in the San 222 
Joaquin and Tulare basins, and water quality of agricultural runoff in the service areas of the 223 
Central Valley Project and the State Water Project. The Initial BDCP Responses pointed us to 224 
EIR/EIS Chapter 30, sections 30.3.2.4 and 30.3.4.1, which do not appear to extend into 225 
environmental effects. As with levee failure, the plausible impacts of these effects go beyond 226 
mere speculation. Enough is known to bracket and assess a range of possible outcomes. 227 

Tools for decision making 228 
 A risk-based decision analysis of alternatives that includes major contingencies would 229 
provide a more rigorous basis for structuring the document and refining a preferred alternative, 230 
or multiple preferred alternatives, for the BDCP. A risk-based decision framework could be used 231 
to explore future opportunities or problems that might arise from potential adjustments in, for 232 
example, the size and placement of habitat restorations or the capacity of the Delta conveyance 233 
facility. Such analyses could explicitly incorporate uncertainty into the comparisons of 234 
alternatives, while assessing other decisions about BDCP actions. The analyses could help allay 235 
concerns about overall uncertainty and about the proposed plans for adaptive management. 236 
Precedents can be found in Colorado River management and other complex adaptive 237 
management programs. 238 
 A response to this concern confirms that "there has been limited use of formal risk 239 
assessment and decision support tools in BDCP" (Initial BDCP Responses, row 7, page 8)6. The 240 
response concludes with a request for "specific suggestions about tools that may be available." 241 
Relevant reports include Allen et al. (2011), Burgman (2005), Gartner et al. (2008), Harwell et 242 
al. (2010), Lund et al. (2008), Lyons et al. (2008), Martin et al. (2009), Regan et al. (2005), 243 
Runge et al. (2011), Suddeth et al. (2010), and Thompson et al. (2013). 244 

Assessed impacts and their comparisons 245 

5. Overall are the analyses reasonable and scientifically defensible? How clearly are the 246 
roll-up comparisons among alternatives conveyed in the text, figures and tables? 247 

Reasonableness and scientific defensibility 248 
  Please see the section below, headed "Best available science" (p. 10).  249 

Clarity 250 
 Overall accessibility to the public and decision-makers. The immensity of the EIR/EIS 251 
impedes thoughtful comparison of its findings about the impacts of the no-action and action 252 
alternatives. Much of the draft contains excellent writing, understandable analysis, and cross-253 
references among its various parts. Nevertheless, the draft suffers from a paucity of analytical 254 
summaries, synthesis graphics (e.g., p. 3 above), lists of assumptions, and navigational aids that 255 

6 http://deltacouncil.ca.gov/sites/default/files/documents/files/ISB-Comment-Form-040114-final.pdf 
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would enable readers to make strategic, well-informed decisions about the alternatives presented. 256 
Federal law provides grounds for expecting such clarity in an impact assessment: 257 
"Environmental impact statements shall be written...so that decision-makers and the public can 258 
readily understand them" (Council on Environmental Quality §1502.8). 259 
 It might be argued that, given its length and complexity, there simply was not enough 260 
time for the draft to be made readily understandable. This sounds penny wise and pound foolish. 261 
Our calls for greater clarity began in June 20127 and continued in comments on the 2013 262 
Administrative EIR/EIS8.  263 
 The available summaries include a table of impacts in the Executive Summary (Table 264 
ES-9) and chapter synopses in the EIR/EIS Highlights Brochure (footnote, p. Error! Bookmark 265 
not defined.). These summaries, while welcome, fall short of making the draft understandable 266 
and lack qualifying statements. The rather cryptic table of impacts (Table ES-9) notably lacks 267 
caveats about differing degrees of uncertainty. Most of the chapter synopses in the Highlights 268 
document offer more background than analysis. 269 
 Justification for the preferred alternative. The EIR/EIS summarizes its case for the 270 
preferred CEQA alternative but buries this summary in section 31.3. A readily understandable 271 
report would contain an up-front, well-illustrated summary that lays out the main arguments for 272 
(and against) the preferred alternative by comparing it against other options—the no-action 273 
alternative, the through-Delta channel corridors, the east and west canals, an isolated tunnel, and 274 
dual tunnels of various capacities.  275 
 The comparison needs to include visual aids that help the reader visualize the main 276 
expected consequences of the various alternatives and relate these consequences to the co-equal 277 
goals. The prototype on page 3 illustrates how graphics can compare alternatives more efficiently 278 
and quantitatively than do text and tables alone. This kind of diagram should also represent 279 
expected major effects on ecosystems and species, and should express uncertainties in the plotted 280 
estimates. 281 
 Chapter summaries. Useful chapter summaries in the EIR/EIS are limited largely to its 282 
longest chapters (11 and 12). The Executive Summary provides an overview comparison among 283 
alternatives (section ES-9). The Executive Summary also provides a lengthy tabular summary of 284 
impacts, but the table is cryptic and graphics are lacking (p. ES-61 to ES-132). The EIR/EIS 285 
Highlights Brochure summarizes chapters unevenly, in most cases with more emphasis on 286 
description than on analysis. The BDCP Plan's prodigious Effects Analysis lacks a summary that 287 
goes beyond describing the chapter's contents (BDCP Plan section 5.1).  288 
 The EIR/EIS thus offers few of the summaries needed by decision-makers or by the 289 
public at large. The summaries should approach, in level of detail, the sections that begin the 290 
climate appendices to the Effects Analysis (BDCP Plan part 5A). The summaries would also 291 
proceed not just impact by impact, as done well in the chapter on Terrestrial Biological 292 
Resources (p. 12-5 to 12-31), but by alternatives (for instance, no-action vs. actions, and certain 293 
kinds of actions vs. other kinds of actions). 294 

7 http://deltacouncil.ca.gov/sites/default/files/documents/files/DISB_Letter_to_JMeral_and_DHoffman-
Floerke_061212.pdf 
8 http://deltacouncil.ca.gov/sites/default/files/documents/files/DSC_Letter_on_BDCP_Review.pdf, p. 10-
11 
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 The BDCP documents should incorporate the best available features of scientific 295 
communications. Nearly every scientific journal requires articles to begin with a well-written 296 
summary or abstract that lays out the main findings and their broader implications. For example, 297 
each abstract at the annual workshop of the Interagency Ecological Program includes a 298 
"Statement of Relevance" that puts the science in context.  299 
 Navigational aids. The EIR/EIS includes related parts of the BDCP Plan. This extension 300 
is footnoted on front matter of the EIR/EIS (p. ES-3, 1-2, and 3-3) and is clarified by cross-301 
references to the BDCP Plan. However, the section "EIR/EIS Organization" (p. 1-31 to 1-35) 302 
describes the EIR/EIS as being self-contained, as does the EIR/EIS Highlights Document (on its 303 
p. 5 and 6), and the helpful 145-page index posted in December 2013 covers the EIR/EIS only.   304 
 The EIR/EIS scarcely mentions the public health and ecological problems associated with 305 
potential toxicity from the blue-green alga Microcystis. The reader must go to the BDCP Plan to 306 
find details about Microcystis toxicity and discussion of most of its potential environmental 307 
effects (Appendix B, review of Chapter 25).   308 
  309 
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APPROACH, ANALYSIS, TOOLS AND MODELING 310 

Evaluation methods 311 

1. Does the environmental impact analysis utilize appropriate evaluation methods? Were 312 
tools/analyses appropriate and described adequately? 313 

 As discussed in our response to the first set of charge questions, the EIR/EIS contains a 314 
great deal of information without condensing it into systematic comparisons of the impacts of 315 
alternatives that would help decision-makers, stakeholders, or the public reason their way 316 
through a complex series of options. Graphical remedies, illustrated by the diagram on page 3, 317 
would not be hard to include in the Final EIR/EIS. But beyond merely improving the Final 318 
EIR/EIS, detailed yet readily grasped comparisons of the alternatives are essential to facilitate 319 
the public process, manage expectations, and elicit meaningful public and policy discussions.  320 
 Above we noted impacts that the EIR/EIS mostly or entirely neglects (p. 4). Reasons to 321 
set aside these issues—of effects on San Francisco Bay, Delta levees, and irrigated agriculture—322 
were not evident to us in the wealth of detail provided about the screening process.  323 
 In the Effects Analysis in the BDCP Plan's Chapter 5, the semi-quantitative results for 324 
each aquatic species are tabulated (e.g. Figure 5.5.1-5 for Delta smelt), but the final assessment 325 
of overall net effects is a qualitative interpretation of the tabulated effects. This analysis is highly 326 
uncertain because the combined importance of all effects was based on a subjective analysis of 327 
the attribute scores conducted by one set of experts. “Experts,” however, can include a broad 328 
range of perspectives and experiences; another group of experts might well reach a different 329 
conclusion (Appendix B, Chapter 11 review). 330 
 The hydrodynamic modeling appears to presuppose that any and all failed island levees 331 
would be quickly repaired. A more realistic approach would take cues from recent levee failures 332 
that have not been repaired. Simulations that include newly flooded islands may require three-333 
dimensional modeling, but the results could be usefully applied to analysis of how levee failures 334 
would affect the various alternatives. At a minimum, where hydrodynamic modeling is premised 335 
on an optimistic assumption about levee repairs, that assumption should be stated prominently, 336 
and attending uncertainty should be carried forward into impact assessments. 337 
 The surface water modeling neglects interactions with ground water. While the repertoire 338 
of models employed appears acceptable for most cases, the reasoning of their selection ought to 339 
be concisely mentioned, given the large number of such models available for analyses. The 340 
limitations and assumptions of the models also should be noted. 341 
  The air-quality modeling excludes photochemical effects or any type of air quality 342 
modeling although earlier discussions greatly focus on photochemical pollutants and their 343 
transport. 344 
 For aquatic resources, inadequate attention was given to species interactions and food 345 
webs, particularly for non-covered species such as invasive clams. 346 
  347 
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Uncertainty 348 

2. How well is uncertainty addressed and communicated?  349 

 Uncertainty is difficult to address and communicate for such a complex and dynamic 350 
series of actions. However, without some specific and balanced discussion of the general order of 351 
magnitude of error or uncertainty in major results, it is difficult for readers to make informed 352 
judgments about the various alternative actions.  353 
 Uncertainty is addressed and communicated more in the BDCP Plan than in the EIR/EIS, 354 
where conclusions are often stated without adequately acknowledging uncertainties or discussing 355 
how the project might prepare for or respond to a variety of outcomes. In some instances, 356 
uncertainties are used as an excuse not to assess possible outcomes of an action or use certain 357 
models (e.g. fish life cycle and bioenergetics models); in many other instances, uncertainties 358 
have not been carried forward as caveats to conclusions about impacts.  359 
 The EIR/EIS needs to address uncertainties more forthrightly so that scientific validity 360 
can be better assessed and stakeholder expectations can be better bounded. It may be possible, 361 
for instance, to assign a relative confidence level (such as A, B, or C) to many of the impacts 362 
listed in Table ES-9.  363 
 Also needed is great care with conveying uncertainty about net effects. The issue here is 364 
whether the benefits of one Conservation Measure will counterbalance negative impacts of 365 
another Conservation Measure. In many instances, net effects are difficult to estimate reliably 366 
because of uncertainties in the magnitude and time-dependency of the individual effects. In many 367 
instances, it is even difficult to determine whether the effects of a conservation measure will be 368 
positive or negative.. 369 

Sensitivity to assumptions, uncertainty, and conflicting data 370 

3. Do the analyses describe sensitivity of conclusions to assumptions and uncertainty and how 371 
possible conflicting data and analyses are interpreted? 372 

 There is some discussion of the sensitivity of conclusions to assumptions and uncertainty 373 
in the BDCP Plan and associated appendices, but that is not carried over into the EIR/EIS. Given 374 
the complexity of actions being proposed, the abundance of data, and the multitude of analysis 375 
techniques available, quantification of uncertainties will be difficult, but some estimates would 376 
be helpful. A simple formal decision analysis would likely help organize the problem and 377 
provide a framework for separating more from less important uncertainties and their effects on 378 
the relative likely performance of alternatives. 379 
 Many of the analyses need to spell out underlying assumptions in an easily identified 380 
format. In addition, where the assumptions are weak, the implications of this weakness ought to 381 
be mentioned. Bulleted lists of key assumptions could clarify: 382 

• Error propagation in the hydrodynamic models (e.g., errors of initial and boundary 383 
conditions used for DSM2 and CALSIM II, and errors from exclusion of ground-water 384 
interactions in the model) 385 

• Major limitations of the models used and conclusions reached 386 
• Sensitivity of model results to an assumed configuration of restoration projects 387 
• Assumptions about reservoir operations in the hydrodynamic models 388 

9 
 



 

• Assumptions about continued existence of some of the most subsided and least reliable 389 
Delta islands 390 

• Assumptions about how adaptive management is likely to play out.  391 
Places where bulleted, annotated lists of key assumptions would be helpful include: 392 

• Chapter 6: DSM2 used for salinity-flow analysis is a one-dimensional model having 393 
inherent limitations in simulating open water areas, flow in bends and small channel, 394 
inlet/outlets and three-dimensional turbulent mixing, particularly with sea level 395 
decimeters higher than today's. 396 

• Chapter 11: The implicit assumption of no interactions among the covered species as well 397 
as other abundance species such as the invasive clams weakens species-specific 398 
conclusions. 399 

• Chapter 22: The best practice is to evaluate air-quality models used with existing data to 400 
document the uncertainties, but such procedures are either not followed or left 401 
undocumented.  402 

• Chapter 23: The models used for noise analysis do not include the nocturnal atmospheric 403 
boundary layer effects, which surely will skew the inferences made. 404 

Best available science 405 

4. Is best available science employed in the environmental analysis of project alternatives and 406 
their effects? 407 

 EIR/EIS Chapters 5 to 30 vary in scientific rigor, scientific understanding, inclusion of 408 
relevant research findings, and citation of relevant reports. The chapters on Air Quality (Chapter 409 
22) and Mineral Resources (Chapter 26), for instance, appear more robust scientifically than 410 
those on Geology (Chapter 9) and Public Health (Chapter 25) (details, Appendix B).  411 
 Each chapter and appendix needs a date stamp that describes when and how thoroughly it 412 
was last updated. Some of the impact assessments presented are several years out of date, as 413 
judged from the references cited (e.g. EIR/EIS Chapters 9, 10, and 12; BDCP Plan Appendices 414 
3B and 5E). For instance, projections of tidal-marsh response to sea-level rise appear several 415 
years out of date (Appendix B, Chapter 12 review, tidal-marsh sidebar). 416 

Articulation and reasonableness of assumptions 417 

5. Are assumptions used in modeling and for analytical purposes clearly articulated and 418 
reasonable considering the complexity and current scientific understanding? 419 

 Many of the analyses need to spell out underlying assumptions in an easily identified 420 
format, as noted above under the heading "Sensitivity to assumptions, uncertainty, and 421 
conflicting data" (p. 9).   422 
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MONITORING AND ADAPTIVE MANAGEMENT 423 

 Adaptive management is essential for achieving the goals of the BDCP, and state law 424 
requires the Delta Stewardship Council to use "a science-based, transparent, and formal adaptive 425 
management strategy for ongoing ecosystem restoration and water management decisions" 426 
(§85307(f)).  427 
 Adaptive management, monitoring, and research are mentioned many times throughout 428 
the EIR/EIS, but ISB comments are based primarily on section 3.6 of the BDCP Plan, with 429 
additional discussion specific to each BDCP action in section 3.4. Appendix 3G of the BDCP 430 
Plan also has a section on monitoring, evaluation, and adaptive management. Administration of 431 
adaptive management is described in Chapter 7 and some comments on implementation of 432 
adaptive management are made throughout Chapter 6. Appendix 3D, deals with monitoring and 433 
research and provides tables listing potential compliance and effectiveness monitoring actions.  434 
 Direction from the Delta Stewardship Council provided us with two basic questions to 435 
address in evaluating how the BDCP incorporated adaptive management, monitoring, and 436 
research. As noted above, we consider adaptive management and monitoring in some detail in 437 
this response because of their critical importance to successful implementation of the BDCP. 438 

Description and achievability 439 

1. How well is the adaptive management strategy described and are the stated goals achievable? 440 

Description of adaptive management  441 
 Adaptive management is described in section 3.6 as a three-phase process containing 9 442 
steps. The overall characterization of adaptive management is consistent with standard works on 443 
the subject and with the treatment of adaptive management in the Delta Plan. Section 3.6 also 444 
describes issues in designing a robust adaptive management experiment, as well as the pitfalls in 445 
implementing an adaptive management experiment. The section clearly describes adaptive 446 
management and some of the issues that arise in trying to implement it. 447 

Adaptive Management Team 448 
 Although adequate as a description of adaptive management, the process described in 449 
section 3.6 is not a strategy for implementation. In the BDCP Plan, the details of design and 450 
implementation of adaptive management are left to a future Adaptive Management Team, to be 451 
chaired by a Science Manager. The Science Manager is a new position established as part of the 452 
Implementation Office responsible for achieving the goals of the BDCP. The Adaptive 453 
Management Team is to be comprised of managers because, the Plan argues, adaptive 454 
management is fundamentally a management activity. We agree that the Adaptive Management 455 
Team should be comprised of managers because buy-in by managers is important to the success 456 
of adaptive management experiments. However, adaptive management is not part of the toolbox 457 
or the experience of most resource managers. Adaptive management experiments are like clinical 458 
trials in medicine—they have requirements for scientific insight and objective validity, planning, 459 
execution, time lines, and information gathering that differ from ordinary resource management. 460 
 Given the complexity of the scientific questions and uncertainties associated with 461 
implementing BDCP and the importance of adaptive management to successful implementation, 462 
the Science Manager must be well versed in the design and application of adaptive management 463 
and have the ability to interpret this way of implementing and managing conservation actions to 464 
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the Adaptive Management Team. It will also be important for the Science Manager to consult 465 
with the community of experts in adaptive management and to draw from the experience of 466 
practitioners involved in other large-scale adaptive management programs, nationally and 467 
globally. Most of all, the Science Manager must know when it is appropriate to use adaptive 468 
management and when it is not and realize expectations of what is and what is not achievable. 469 
Experience in design and implementation of adaptive management is not one of the 470 
qualifications of the Science Manager listed in Chapter 7—but it should be.  471 

Adaptive-management experiments 472 
 No specific goals are stated for adaptive management beyond its basic purposes of 473 
assisting managers to manage uncertainty, and to learn about the systems they are managing 474 
through the management actions that they implement, and to adjust actions when appropriate. 475 
Because no specific adaptive management programs are described, it is not possible to determine 476 
whether the Plan will benefit from its use. The BDCP recognizes that adaptive management has 477 
failed in other situations for a variety of reasons, including failure to plan and model adaptive 478 
experiments properly, failure to implement adaptive management plans, failure to ensure 479 
adequate funding, failure to follow through with effective monitoring and scientific evaluation of 480 
adaptive experiments, and failure to coordinate planning and implementation among scientists, 481 
stakeholders, and managers (Walters 2007, Scarlett 2013). The BDCP Plan includes measures to 482 
prevent some of these failures. However, until a culture of adaptive management is developed in 483 
the participating agencies, implementation of the BDCP is likely to be thwarted by the kinds of 484 
obstacles that Walters (1997, 2007) and Allen and Gunderson (2011) describe. 485 
 Conducting adaptive management and designing robust management experiments will 486 
require a working set of models that link conservation actions to desired outcomes through 487 
species or ecosystem dynamics. The BDCP has employed a broad range of models in its effects 488 
analysis (described in BDCP Plan Chapter 5 and its appendices). However, it is not clear that 489 
these models are available or even suitable for designing adaptive-management experiments. For 490 
example, habitat suitability models are probably not sufficient on their own. It was not clear to us 491 
whether the BDCP Plan intends the Conservation Measures to be implemented as experiments, 492 
which is in actuality the heart of the adaptive management process. Instead, it appeared that 493 
uncertainties would be dealt with primarily through targeted research projects. It is important to 494 
frame adaptive management as experiments that provide opportunities to reduce uncertainty 495 
about subsequent restoration actions. 496 
 Assuming that the BDCP will, in at least some instances, implement Conservation 497 
Measures as experiments, it is important to have an objective way to decide when conducting 498 
such experiments makes sense. The Plan acknowledges that adaptive experimentation may not 499 
always be desirable but does not offer a clear approach to deciding whether to experiment or not. 500 
Because adaptive experimentation requires resources, one way to assess the benefits of a 501 
particular experiment is to compare the cost of conducting the experiment against the value of 502 
the information that will be gained from the experiment. If the value of the incremental reduction 503 
in uncertainty likely to result from an experiment is small relative to the cost of the experiment, it 504 
may make sense not to conduct the experiment but to frame adaptive management as an 505 
observational study supported by monitoring. Although it remains important to acknowledge the 506 
uncertainty, it is also important to recognize that the benefits of reducing uncertainty do not 507 
always justify the costs of experimentation. 508 

12 
 



 

 In some instances (which may be commonplace in the Delta) adaptive experimentation 509 
may not be possible: conservation actions may be confounded with one another; control over 510 
drivers of change may be lacking; or physical, legal, financial, or social factors may constrain, 511 
individually or collectively, the range of options that can be explored. In such circumstances, 512 
other approaches to implementation may be better than adaptive management. Several such 513 
situations and possible alternative approaches are discussed by Williams et al. (2009) and Allen 514 
and Gunderson (2011). 515 
 Still other issues will likely affect the application of adaptive management in the Delta, 516 
many of them stemming from the complexity of the BDCP and the potential for confounding and 517 
conflict among objectives, actions, and outcomes. Some Conservation Measures may benefit one 518 
species but may harm another. And although progress towards biological goals is a means to 519 
assess the effectiveness of a Conservation Measure, there also need to be triggers  to reverse 520 
negative impacts. These complications reinforce the need for the Science Manager to have a firm 521 
grasp of the potential and the pitfalls of adaptive management and an appreciation of continually 522 
emerging approaches to managing complex systems. 523 

Adequacy of monitoring 524 

2a. Is the proposed monitoring adequate to evaluate if the goals and objectives are being 525 
achieved? 526 

 BDCP identifies three kinds of monitoring: compliance monitoring, effectiveness 527 
monitoring, and status and trends monitoring. Although this is a logical way of classifying 528 
monitoring activities, it does not necessarily mesh well with adaptive management. Adaptive 529 
management is designed to generate information that will clarify uncertainties in understanding 530 
the dynamics and responses of species and ecosystems to management actions. In some cases the 531 
required monitoring might not fit into any one of the three categories.  532 
 Compliance monitoring includes monitoring for regulatory compliance and compliance 533 
with design standards for Conservation Measures. Potential compliance monitoring actions for 534 
each conservation measure are listed in Table 3D-1. Monitoring of design-standard compliance 535 
is fairly straightforward, being dictated by specifications in a Conservation Measure. Monitoring 536 
for regulatory compliance can be more complex as can, for example, monitoring to ensure 537 
compliance with flow or water-quality design criteria. As the design criteria and outcomes for 538 
most Conservation Measures are not yet developed, it is difficult to say whether the compliance 539 
monitoring actions listed in Table 3D-1 are both necessary and sufficient.  540 
 Effectiveness monitoring and status and trends monitoring are combined in Appendix 3D 541 
and potential monitoring actions for each Conservation Measure are listed in Table 3D-2 of the 542 
Appendix. In the preamble to Table 3D-2, it is stated that “Precise details of each of the 543 
effectiveness monitoring actions are not presented here and will be developed and then 544 
periodically updated through the adaptive management and monitoring program.” Consequently, 545 
it is difficult to comment on the adequacy of the proposed monitoring actions at this time. 546 
However, Table 3D-2 does not provide any meaningful clues as to how the proposed monitoring 547 
will tie into any adaptive management experiments. Without explicit linkages between 548 
monitoring and the adaptive management practices it is intended to support, it is difficult to see 549 
how adaptive management can really be achieved.  550 
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 Section 3.4 of the BDCP Plan discusses each of the 22 Conservation Measures in turn 551 
and repeats some of the potential compliance and effects monitoring actions identified in Tables 552 
3D-1 and 3D-2. In addition, for some Conservation Measures, section 3.4 provides a table of 553 
“key uncertainties” and suggested research projects to address them. Because uncertainty is 554 
central to the impetus to adopt adaptive management, we examined section 3.4 for indications of 555 
how adaptive management would be used to address the key uncertainties. We found several 556 
peculiarities in the treatment of key uncertainties.  557 

1. Key uncertainties are identified for only 8 of the 22 Conservation Measures. For the others, 558 
the Chapter specifically states that no key uncertainties (or needed research) were 559 
identified. Given the high uncertainty associated with all of the Conservation Measures, we 560 
find this statement insufficient.  561 

2. Even where key uncertainties are identified, they seem to misrepresent the broad range of 562 
uncertainties inherent in a Conservation Measure. For example, only two key uncertainties 563 
are identified for CM-2, Yolo Bypass Fishery Enhancement: (a) the effectiveness of Yolo 564 
Bypass modifications, and (b) the effects of increased frequency and duration of flooding in 565 
the bypass on the health and vigor of riparian vegetation. Uncertainty (a) is vague and, in 566 
our view, does not in any sense capture the extent and variety of uncertainties inherent in a 567 
major change in hydrology, floodplain inundation, and habitat configuration, and in its 568 
effects within and beyond the Bypass. Uncertainty (b) depends on the determination of 569 
“health and vigor of riparian vegetation,” which are largely subjective terms. 570 

3. Key uncertainties that are identified are all to be addressed through targeted research 571 
projects rather than being incorporated into the adaptive management program. Although it 572 
may be more efficient to address some uncertainties through targeted research, many could 573 
be more effectively addressed in the context of a proper adaptive management design. This 574 
possibility does not seem to be considered in the BDCP Plan. A principal strength of 575 
adaptive management is that it allows managers to design their day-to-day management 576 
actions to provide critical information on key uncertainties. The BDCP does not appear to 577 
take advantage of this strength. Perhaps the responsibilities of the Adaptive Management 578 
Team are to include such design considerations. This would be appropriate but, if so, the 579 
text should reflect this responsibility. This concern applies not only to the design of 580 
adaptive management experiments but also to the clarification of key uncertainties. 581 

4. Another benefit of incorporating uncertainties into a broader adaptive management plan is 582 
that individual uncertainties and outcomes can be linked to one another. The Delta is an 583 
interconnected system, and actions in one region are affected by actions in other regions. 584 
Although targeted research will often be the best option, it will be important to embed these 585 
efforts in a broad and holistic adaptive-management framework to address the inter-586 
connectedness. 587 

 Although the BDCP Plan does not appear to make effective use of an adaptive 588 
management process, the monitoring and research activities described may still be sufficient to 589 
measure progress toward achieving the BDCP objectives. Given how the BDCP Plan is 590 
structured, however, it is difficult to determine if this is the case. In assessing the suitability of 591 
monitoring, there is a logical flow of relationships from conservation objectives, to actions to 592 
achieve those objectives, to expected outcomes from the actions, to monitoring to detect those 593 
outcomes, and then to evaluating criteria for success or failure and finally to making adjustments 594 
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as needed. These components do not seem to be associated in this way anywhere in the BDCP 595 
Plan, even though its Chapter 3 describes the necessary variables. In Table 1 below we have 596 
combined some information from two different tables to illustrate the relationship between 597 
objectives, actions, outcomes, and monitoring for CM-4 (Tidal Natural Communities 598 
Restoration). A similar assessment could be done for other Conservation Measures. 599 
 600 
Table 1. Examples of biological objectives, how a Conservation Measure advances those 601 
objectives, proposed monitoring actions, metrics to be measured during monitoring, and the 602 
proposed criteria for success. Compiled from Tables 3.4.4-1 and 3.4.4-3 for CM-4 (Tidal Natural 603 
Communities Restoration).  604 
 605 

Objective How action advances the 
objective 

Monitoring 
action 

Relevant 
metric 

Success criteria 

L2.5: Maintain or 
increase the diversity 
of spawning, rearing, 
and migration 
conditions for native 
fish species in 
support of life-history 
diversity.  

Tidal restoration is expected to 
improve some rearing habitat 
elements for Chinook salmon, 
Sacramento splittail, longfin 
smelt, delta smelt, sturgeons, and 
possibly steelhead. Tidal natural 
communities restoration in West 
Delta ROA is also expected to 
improve future rearing habitat 
suitability for delta smelt within 
the anticipated eastward 
movement of the low-salinity 
zone with sea-level rise.  
 

 Site level 
assessment 

Use of 
restoration 
sites by 
covered fish 
species  
 
 

Detection of site use 
by Chinook salmon, 
splittail, and the 
following covered fish 
species: longfin smelt 
and Delta smelt in the 
Suisun Marsh, West 
Delta and Cache 
Slough ROAs; 
steelhead in the West 
Delta, Cache Slough 
and Cosumnes/ 
Mokelumne ROAs  
 

L2.7: Produce 
sinuous,  
high-density,  
dendritic networks  
of tidal channels  
through tidal areas to 
promote effective  
exchange throughout 
the marsh plain and  
provide foraging  
habitat for covered  
fish species. 

  
 

Where feasible, tidal restoration 
projects will be designed to meet 
this objective. This habitat 
element will provide direct 
foraging opportunities for salmon 
and splittail and, with sufficient 
amounts of restoration, may 
provide prey for pelagic fishes.  

Site level 
assessment 
 

Tidal 
natural 
community 
geo-
morphology  
 

Presence of sinuous, 
high-density, dendritic 
networks of tidal 
channels through tidal 
areas 
 

L2.9: Increase the 
abundance and 
productivity of 
plankton and 
invertebrate species 
that provide food for 
covered fish species 
in the Delta 
waterways.  
 

Restoration of tidal natural 
communities is expected to 
improve some rearing habitat 
elements for Chinook salmon, 
Sacramento splittail, longfin 
smelt, delta smelt, sturgeons, and 
possibly steelhead.  
 

Plankton and 
invertebrate 
sampling in 
restored 
habitats 
 

Plankton 
and 
invertebrate 
abundance 
in restored 
floodplain  
 

Presence within and 
transport from restored 
tidal natural 
communities to 
adjacent open-water 
habitat occupied by 
covered fish species  
 

 606 
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 This example table illustrates the logical connections among conservation objectives, 607 
restoration actions, anticipated outcomes, and proposed monitoring. Perhaps at this stage in the 608 
planning that is the best one can expect. At a more detailed level, however, a multitude of 609 
questions remains. Consider Objective L2.5, “Maintain or increase the diversity of spawning, 610 
rearing, and migration conditions for native fish species in support of life-history diversity.” 611 
Without questioning whether this objective is meaningful as a way to strengthen the viability of 612 
covered fish species, knowing whether one has achieved the objective depends on knowing the 613 
current diversity of spawning, rearing, and migration conditions for native fishes (what are the 614 
metrics for these attributes of habitat?), knowing that this diversity of habitat supports life-615 
history diversity (what are the metrics of life-history diversity?) and knowing that restoring tidal 616 
natural communities will increase habitat diversity for native species in ways that do, indeed, 617 
strengthen life-history diversity.  618 
 Similar comments could be made about the objectives to create networks of dendritic 619 
channels in restored tidal marshes and to enhance plankton production to provide food for 620 
covered fish species. Is measuring the presence of dendritic networks sufficient or should the 621 
amount (or minimum amount on an absolute or percentage basis) of sinuous networks be the 622 
goal? Similarly, will the presence of plankton and invertebrates provide enough information to 623 
assess success? It may be better to have benchmarks (e.g., 20% increase over some period of 624 
time).  It will also be important to consider the composition of the plankton and invertebrate 625 
assemblages because organisms are not equal in their food value.  626 
 The proposed monitoring touches only superficially on these objectives. Our purpose in 627 
pointing out these complexities is not to nit-pick about Conservation Measures but to illustrate 628 
that the objectives are more nuanced and the potential outcomes more complex than suggested 629 
by the proposed monitoring. At this stage we cannot say whether the proposed monitoring is 630 
necessary and sufficient to evaluate whether the goals and objectives are being achieved. We 631 
assume that the Adaptive Management Team will further refine the goals and objectives. Such 632 
refinement, and the validation of monitoring actions, would be greatly strengthened if the models 633 
linking objectives to outcomes were more clearly presented. Ultimately, the monitoring needs to 634 
determine  how well the 22 Conservation Measures combined affect the health and productivity 635 
of the covered species. 636 

Managing adaptive management 637 

2b. Are the data management, analysis, reporting, and decision-making processes adequate to 638 
create a defensible and transparent implementation of adaptive management? 639 

Decision-making 640 
 In the BDCP Plan, sections 3.6.4 and 7.3.4 address issues of data management, analysis, 641 
and reporting. The proposed administrative structure for BDCP is hierarchical. At the top, 642 
providing oversight and dispute resolution, is the “Authorized Entity Group” consisting of 643 
representatives of DWR, Reclamation, and Water Contractors. State and federal fish and wildlife 644 
agencies will participate in a “Permit Oversight Group,” which will ensure regulatory 645 
compliance with BDCP Plan authorizations. Implementation of the BDCP Plan, including 646 
adaptive management, monitoring, and research, will be the responsibility of a newly created 647 
Implementation Office headed by a Program Manager who will report to the Authorized Entity 648 
Group. A key individual in the Implementation Office will be the Science Manager, who will 649 
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report to the Program Manager and will have responsibility for guiding and facilitating adaptive 650 
management, monitoring, and research. In this capacity, the Science Manager will chair an 651 
Adaptive Management Team. The Adaptive Management Team will include representatives of 652 
DWR, Reclamation, CVP and SWP water contractors, CDFW, USFWS, and NMFS. The IEP 653 
Lead Scientist, the Delta Science Program Lead Scientist, and the Director of the NOAA 654 
Southwest Fisheries Science Center are to be nonvoting members of the Team.  655 
 The Adaptive Management Team will take the lead in developing a framework for 656 
monitoring and will enlist the assistance of the Interagency Ecological Program (IEP) in 657 
implementing the program. The Science Manager and the Adaptive Management Team will 658 
develop and implement a process for compiling, evaluating, and synthesizing the results of 659 
monitoring and will prepare a plan to maintain databases of monitoring and synthesis results. 660 
The Adaptive Management Team will also manage the BDCP research program in coordination 661 
with IEP and the Delta Science Program. The Team will identify research priorities and will 662 
administer a process to select and coordinate the researchers who will be involved in the 663 
program. In addition, the Adaptive Management Team will be responsible for the compilation 664 
and synthesis of the results of studies and analyses undertaken by other organizations that are 665 
assisting in the implementation of the BDCP Plan. The Science Manager will ensure that BDCP 666 
science activities, reporting, and reviews are coordinated with other science activities being 667 
conducted in the Delta. Based on these analyses, the Adaptive Management Team will 668 
recommend to the Program Manager any necessary changes in the BDCP Plan or the 669 
Conservation Measures. 670 
 Overall, this decision-making arrangement does not seem to bring enough authority and 671 
resources for adaptive management to be implemented decisively and in a timely way.  With this 672 
structure, each cycle of adaptive management would probably occur very slowly, if at all.  673 

Data management 674 
 This proposed administrative structure centralizes—in the Adaptive Management Team 675 
and the Science Manager—the key administrative decisions regarding adaptive management, 676 
monitoring and research, data management, analysis, and development of recommendations 677 
concerning science-based modification to the BDCP. If the individuals involved have the 678 
appropriate skills and the independence needed to critically evaluate project effectiveness, and if 679 
provisions are made to link data management and data bases with existing relevant data bases 680 
(both in-house and external to the main agencies involved in BDCP), then the centralized system 681 
should be effective. The BDCP envisions making use of the science synthesis approaches 682 
developed in the Delta Science Plan and working with the Delta Science Program to assemble, 683 
analyze, and synthesize the large volume of data that will be accumulated. We endorse this 684 
approach. We also support ensuring that the BDCP data are publically available so outsiders can 685 
make their own analyses. 686 
 Large volumes of data will be generated as BDCP is implemented, but BDCP is only one 687 
of many activities in the Delta that will be generating voluminous scientific data. A distinguished 688 
panel found that as of 2012, “science efforts related to the Delta are performed by multiple 689 
entities with multiple agendas and without an overarching plan for coordinating data 690 
management and information sharing” (National Research Council, 2012). Goals of the Delta 691 
Science Plan include coordinated data management and sharing among agencies involved in 692 
Delta science. The BDCP's scientific work should be tightly integrated with the Delta Science 693 
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Program to ensure that science and data management for the BDCP follow the “One Delta, One 694 
Science” concept, which will provide benefits to all parties, particularly regarding the credibility 695 
and transparency of scientific work overall. 696 
 It may be difficult to ensure that the appropriate skill sets are present in the 697 
Implementation Office. We have already noted that the listed qualifications for the Science 698 
Manager do not include expertise in adaptive management. Because this is a new position, this 699 
shortcoming is easily corrected. However, personnel for the Implementation Office, which will 700 
provide the staff to manage the databases, analyses, modeling, etc., will be drawn from existing 701 
staff in DWR and other state agencies. The BDCP needs a staffing plan that dovetails with the 702 
need to strengthen the agencies' capabilities in field observations, data management, modeling, 703 
and synthesis. 704 

Timing 705 
 In a key role not identified in the documents, the Science Manager and Adaptive 706 
Management Team should identify the goals and objectives for monitoring, the desired 707 
outcomes, and an adaptive framework for evaluating when outcomes have been met. In Table 708 
3.E-2, Effectiveness Monitoring Actions are described, for example, and in some cases the 709 
timing and duration for monitoring are described. Without knowing the response rates of the 710 
system, or how different restoration actions and climate change will interact with the desired 711 
outcomes, it does not seem feasible to establish a specific timeframe. Rather, the described 712 
timeframes should be viewed as initial guides that will be revised depending upon outcomes, 713 
since it may take more (or less) time for outcomes to be realized. 714 
 Adaptive-management decisions often must be made quickly, yet implementing the full 715 
9-step adaptive management process can be ponderously slow, especially when encased in a 716 
hierarchical organizational structure. There is the potential to exacerbate a science-policy 717 
conflict: scientists often want to obtain deeper knowledge about complex details, whereas 718 
managers and policy-makers are interested in reaching decisions about which actions to take and 719 
where best to allocate resources (the “more research” vs. “just do it” conflict). Consideration 720 
should be given to how to make adaptive management flexible and nimble, yet still scientifically 721 
rigorous. 722 
 Adaptive management will need to keep pace with change in the Delta. One strategy is to 723 
use model projections of future conditions to anticipate how practices might need to change to fit 724 
future conditions—“anticipative” adaptive management. Vlieg and Zandvoort (2013) have 725 
contrasted this approach, which is practiced in the Rhine-Meuse Delta in the Netherlands, with 726 
the “reactive” adaptive management proposed for the Delta, suggesting that a hybrid of the two 727 
approaches might be best. Because the details of adaptive management in BDCP have yet to be 728 
developed, there is an opportunity to consider these ideas. 729 

Collaboration 730 
 Although the BDCP Plan acknowledges the need to coordinate adaptive management 731 
with the Delta Science Program, it largely ignores the framework for adaptive management 732 
developed in the Delta Plan and (especially) the Delta Science Plan. Instead, an operational 733 
structure is described that is almost entirely within the BDCP governance organization, as 734 
outlined in Chapter 7 of the Plan. This contrasts with a growing recognition of the need to 735 
engage a wide array of people and entities in a truly “collaborative adaptive management” 736 

18 
 



 

(Susskind et al. 2012, Scarlett 2013). A Collaborative Science and Adaptive Management 737 
Program (CSAMP) and Collaborative Adaptive Science Team (CAMT) were formed in mid-738 
2013 to develop a robust science and adaptive management program, primarily to inform the 739 
implementation of the current Biological Opinions applicable to the Delta9. Although these 740 
groups were formed too recently to be included in the Draft BDCP documents, their relations to 741 
the adaptive management structure proposed for BDCP should be included in the Final 742 
documents. 743 

Funding  744 
 Funding for adaptive management can also become a contentious issue (Walters 2007). 745 
The Plan (Chapter 8) identifies a budget on the order of $500 million for monitoring (both 746 
compliance and effectiveness monitoring) and an additional ca. $400 million for research (Tables 747 
8-30 and 8-31). No funding is specifically earmarked for adaptive management in the Plan. This 748 
is appropriate, as adaptive management should be an integral part of planning and 749 
implementation for all the Conservation Measures, not a separate activity. However, adaptive 750 
management planning and implementation cost more than traditional management, both in 751 
personnel and capital expenditure, as synthesis and changes in management must be actually and 752 
routinely implemented. It is not clear that these extra costs were included in the budget for the 753 
Implementation Office. Chapter 3 identifies a separate “supplemental adaptive management 754 
fund” of at least $450 million (section 3.4.23.5) that could be accessed if other resources are 755 
insufficient or cannot be accessed to support an adaptive change in Conservation Measures. 756 
Apparently, these funds are not available, however, for routine costs of management. The 757 
budgets presented in Tables 8-30 and 8-31 were based on estimated staff and resources required 758 
to undertake the monitoring and research actions listed in the Plan plus an additional $140 759 
million to cover monitoring and research needs not identified in the Plan. How the supplemental 760 
adaptive management fund budget was determined is not clear.  761 
 Although the budget for monitoring and research is substantial, it is actually small 762 
compared with BDCP's total cost. Even a budget of this size could easily be exhausted by the 763 
multitude of possible monitoring and experimental actions for each Conservation Measure. The 764 
BDCP Plan has identified a broad range of possible monitoring and research actions related to 765 
the Conservation Measures. But the BDCP Plan also acknowledges that these will need to be 766 
reconsidered as the detailed implementation plans develop. The Adaptive Management Team 767 
will have the difficult task of determining how to allocate the inevitably limited resources for 768 
monitoring and research. Difficult trade-offs are inevitable, highlighting the need to develop an 769 
objective, rigorous, and transparent process for prioritizing monitoring and research activities.  770 
 A great deal of planning and evaluation will be required during the early years of 771 
implementation. We envision a need for further analyses to clarify conservation actions and how 772 
to fit these into an adaptive management program, pilot testing of some conservation actions, 773 
negotiations for land acquisition, and many other tasks necessary to finalize the conservation 774 
program. This suggests a front-loading of activity in the Implementation Office. However, on an 775 
annualized basis the budget for the Implementation Office does not differ much across the 50-776 
year term of the project. We suggest evaluating whether additional funds should be allocated for 777 

9 http://deltacouncil.ca.gov/sites/default/files/documents/files/ 
Item_7_Attach_1_CAMT%20Progress%20Report%20Version%206_0%20140207.pdf 
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up-front planning and evaluation, including development of suitable interagency data, modeling, 778 
and monitoring capabilities.  779 

Contingency plans 780 
 Monitoring and adaptive management are proposed to evaluate whether conservation 781 
actions are achieving their intended objectives. What if things do not go as planned? The history 782 
of ecological restoration shows that restoration projects rarely have exactly the intended 783 
consequences in the expected time frame. Section 3.4.3.4.2 in the BDCP Plan states that 784 
contingency measures will be developed for site-specific conservation actions to be implemented 785 
in the event that success criteria are not met. However, the BDCP Plan also states that these 786 
contingency measures differ from adaptive management because they are site-specific and 787 
targeted at meeting success criteria. Similar contingency plans are mentioned for other 788 
Conservation Measures throughout section 3.4. There will inevitably be situations, however, in 789 
which the adjustments are not possible or incur too great a cost or where there is a large-scale 790 
failure of restored habitat to function as anticipated. What happens then?  791 
 Given the complexity and the high stakes of many of the actions to be undertaken in 792 
BDCP, it would seem prudent to have contingency plans and action thresholds at least generally 793 
outlined before discovering that things are not working as planned. There is no mention of 794 
contingency plans in section 3.6, which describes adaptive management. Contingency planning 795 
is not mentioned in BDCP Plan Chapters 6 and 7 (Plan Implementation and Implementation 796 
Structure) nor in the EIR/EIS. The BDCP Plan should build contingency plans into the adaptive 797 
management process. 798 

Additional comments 799 

Steps toward adaptive management in Appendix 3G 800 
1. Page 3, lines 32-37: "An equally important purpose of this memorandum is to introduce a 801 

simple deterministic, stage-based life cycle approach to define BDCP objectives, periodically 802 
review and update them, and monitor progress toward achieving the intermediate and final 803 
Cohort Replacement Rate (CRR) milestones.....it is imperative to establish interim objectives 804 
in order to guide monitoring and the management decision making process in the near 805 
term."—Without using the term, this statement outlines the beginnings of an Adaptive 806 
Management Program. Page 6 goes on to list general assumptions and then introduces the 807 
models to be used. Uncertainty is discussed in the Introduction as well. 808 

2. Page 8, lines 25-27: “Where species-specific data were available they were used directly. 809 
More often, this will not be the case and adjustments were made based on how different life 810 
history characteristics would be expected to influence survival.”—This is followed by 811 
assumptions, by data from other areas that lend support to the assumptions, and by statement 812 
of future challenges in model modification. This is probably the best that can be done under 813 
the circumstances. The approach seems to fit into the early steps of the adaptive management 814 
process.  815 

3. Page 11, lines 9-13: "There are several other factors that might be considered in further 816 
defining or revising these Interim Survival Objectives, including scaled objectives based on 817 
wet and dry years. However, at this point we are reluctant to more finely define or scale 818 
survival objectives until additional species-specific survival estimates are collected over a 819 
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range of hydrologic conditions. However, as new information becomes available, the 820 
potential to define wet and dry year expectations should be revisited."—Again, this statement 821 
both acknowledges and contributes to the adaptive management process. Likewise, climate 822 
change is presented as an uncertainty issue in terms of future annual variability scenarios. 823 

Broad questions 824 
1. What strategies for funding and oversight of monitoring and adaptive management will best 825 

promote credibility and independence in the science supporting adaptive management? 826 
2. What kinds of management actions will be subject to adaptive adjustment? Are both 827 

operations and habitat Conservation Measures subject to adaptive management?  828 
3. What future conditions are likely to prompt adaptation? The draft mentions sea-level rise and 829 

changes in Delta outflow requirements. Other futures worth considering include the flooding 830 
of additional subsided islands, requirements for upstream reservoirs to release cold water, 831 
tightened water-quality standards for byproducts of disinfection, and salinity regulation for 832 
Delta and south-of-Delta agriculture.  833 

4. Will requiring the Adaptive Management Team to reach consensus be unrealistic and lead to 834 
delays or inaction? 835 

Other remarks on BDCP Plan Chapter 3 836 
1. The interaction between the Adaptive Management Team and the Implementation Team is 837 

critical for the success of the 9-step adaptive management process described in section 838 
3.6.3.4. More details should be provided about how these two teams will interact in actually 839 
doing adaptive management. 840 

2. In section 3.6.3.5.4 it is stated, “The adaptive management and decision-making processes 841 
described in this section do not apply to these real-time operations.” How will this limitation 842 
affect the adaptive management plan as a whole? 843 

3. Appendix 3E-7, lines 6-8: "Precise details of each of the effectiveness monitoring actions are 844 
not presented here and will be developed and then periodically updated through the adaptive 845 
management and monitoring program (Section 3.6)."—In terms of effectiveness monitoring, 846 
this is not an unexpected response. Some specific monitoring actions are mentioned in Table 847 
3E-2 but these are general and often repetitive. 848 

4. Research questions in Table 3E-3 are broad, and in some cases somewhat repetitive in terms 849 
of data already being collected in the Delta (which would require reanalysis or a meta-850 
analysis). The document acknowledges that these will be modified over time.  851 

  852 
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STATUTORY QUESTIONS 853 

Scientific basis and clarity 854 

1. Comment on the scientific basis and clarity related to the EIR-EIS conclusions:  855 

 Issues of clarity are considered above, under "Completeness, structure, and effectiveness 856 
of presentation" (p. 2-5), and in our overview. The responses below, on the scientific basis for 857 
the conclusions, draw on the resource-chapter reviews in Appendix B, to which we refer the 858 
reader for details.  859 

Freshwater flows 860 

a. the review and analysis of the range of flow criteria, rates of diversion, and any other 861 
operational criteria required to satisfy the criteria for approval of a natural community 862 
conservation plan as provided in subdivision (a) of Section 2820 of the Fish and Game 863 
Code, and other operational requirements and flows necessary for recovering the Delta 864 
ecosystem and restoring fisheries under a reasonable range of hydrologic conditions, 865 
which will identify the remaining water available for export and other beneficial uses.  866 

 EIR/EIS Chapter 5 examines the changes in surface water operations and deliveries that 867 
would likely accompany each of the project alternatives. For each alternative, results for Delta 868 
outflow, exports, project deliveries (north and south of the Delta), and major surface reservoir 869 
storage are presented. The modeling approach uses CALSIM II, with additional temperature and 870 
Delta flow and salinity modeling, for a particular climate change scenario (sea level rise and 871 
climate warming), averaging a wide range of potential climate warming scenarios for conditions 872 
around the year 2060.   873 
 The analysis of this complex problem for a wide range of alternatives is inherently 874 
difficult and potentially confusing. The analysis presented is more advanced than is typically 875 
seen for project evaluation in employing climate change scenarios.  This implies some 876 
uncertainties, as system operating rules and environmental regulations are likely to change as 877 
well with climate.  The modeling results are reasonably good, though unavoidably imperfect.   878 
However, the model results are overwhelming in quantity, not well summarized, and 879 
insufficiently linked to interpretation. An explicit comparison of the range of water deliveries for 880 
major user locations (project and non-project) over the range of wet and dry conditions would be 881 
valuable.  882 
 Chapter 5 provides little comparative summary of impacts on water supply. This 883 
shortcoming limits the ability of this analysis-filled chapter to contribute to thoughtful discussion 884 
and comparison of the alternatives. There seems to be little difference between 6,000 cfs and 885 
9,000 cfs alternatives, presented, though deliveries for the 3,000 cfs tunnel capacity are much 886 
less. Much of the difference among alternatives seems likely to be driven as much or more by 887 
operating and regulatory policies than by infrastructure capacities.  This should be a topic of 888 
meaningful discussion. 889 
 The major analytical problem is the gap between CALSIM-II modeling of the water-890 
supply system and actual operations. The State Water Project and Central Valley Project account 891 
for only a part of the water management decisions and impacts in this vast system. DWR and 892 
USBR modeling has improved considerably in recent decades but remains centered on the SWP 893 

22 
 



 

and CVP. This limited modeling therefore largely ignores or oversimplifies most water 894 
management decisions in California, which are those taken by local and regional governments 895 
and water users. The limited modeling thus seems inadequate for impact analysis of a system 896 
governed largely by local agencies. 897 
 Related to this problem is the continuing evolution of the CALSIM model and its 898 
variants. MBK modeling presented to us in the January 2014 meeting of the ISB highlighted 899 
differences in results that reflect both model evolution and modeler judgment. The MBK results 900 
(which still remain unpublished and proprietary) also highlighted the complicating effects of 901 
operational decisions and of the regulations that govern them. (Delays in making these results 902 
public are interfering in the ability to consider these results.) According to Mount et al. (2013), 903 
current regulations would limit flexibility for operations of dual facilities.   904 

Climate change 905 

b. the potential effects of climate change (including possible sea level rise up to 55 inches), 906 
and possible changes in total precipitation and runoff patterns on the conveyance 907 
alternatives and habitat restoration activities considered in the EIR.  908 

 The reviewed documents explicitly consider how climate change may affect water supply 909 
and ecosystems, and how the proposed Conservation Measures may act to lessen these effects. 910 
However, the likelihood and magnitude of these effects and of the associated uncertainties need 911 
to be stated or addressed more clearly in several respects: synergistic effects triggered by climate 912 
change; changes in frequency and impacts of extreme events and extreme conditions; and the 913 
range of plausible impacts on the effectiveness of the Conservation Measures (review of Chapter 914 
29 and tidal-marsh sidebar in review of Chapter 12). There will be considerable uncertainty as to 915 
how water system operations, levee maintenance, environmental regulations, and water demands 916 
will react to climate change.  In all areas, considerable changes should be expected, although the 917 
exact responses are now unavoidably uncertain. 918 

Fish and aquatic resources 919 

c. the potential effects on migratory fish and aquatic resources.  920 

 Please see our Appendix B for a detailed review of EIR/EIS Chapter 11. Concerns 921 
expressed there include: 922 
1. The chapter needs to consider impacts from an ecosystem perspective. The existing analysis 923 

by Conservation Measures and individual species, although perhaps necessary, neglects the 924 
co-equal goal of ecosystem health. Success will depend on a fully functioning system, and 925 
therefore on analyses that incorporate integration and interaction across species, within a 926 
species, and across regions. 927 

2. Positive and timely benefits of habitat restoration are highly uncertain. Failure to realize 928 
these benefits will invalidate the final conclusion of no net negative effect. 929 

3. Full life cycles receive too little attention, as do effects of flow on entrainment. 930 
4. The qualitative nature of the effects analysis aligns its results more with "hypotheses" than 931 

with "conclusions" or "predictions." 932 
5. Uncertainty in the analyses needs to be carried forward, underlying assumptions need to be 933 

stated more explicitly, and hypotheses need to be distinguished more clearly from 934 
conclusions.  935 
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6. Adaptive management of migratory fish and aquatic resources will require a well-planned 936 
and comprehensive program of research and monitoring that will target causality and test 937 
hypotheses in the BDCP Plan. The decision-tree process is not adequately described. 938 

Water quality 939 

d. the potential effects of each Delta conveyance alternative on Delta water quality 940 

 The EIR/EIS analyzes all Delta conveyance alternatives for their potential impacts on 941 
water quality. The analyses generally conclude that the different alternatives would not alter 942 
water quality appreciably, for most constituents of concern. Our review of Chapter 8 describes 943 
concerns about these findings, including:  944 
1. Some of the analyses hinge on comparison of data from different environmental monitoring 945 

programs that differ vastly in limits of detection. The EIR/EIS draws conclusions that are 946 
likely incorrect because they are based on non-detects of analytes.  947 

2. The models used to estimate changes in water quality are likely to have uncertainty, 948 
particularly under future conditions with more complex hydrodynamics due to climate 949 
change and likely changes in Delta levees.   950 

3. The chapter relies on existing water quality guidelines to determine ecological harm. Such 951 
guidelines are increasingly recognized as being inadequate to protect against loss of 952 
ecosystem function.  953 

4. The chapter ignores water-quality impacts of providing a more reliable water supply for 954 
agriculture. While the EIR/EIS does consider economic benefits to agriculture, the 955 
consequences to water quality of increased use of fertilizers and pesticides have not been 956 
considered. Surprisingly, there seems to be no quantification or comparison of the effects of 957 
project alternatives on salt exports to the West side of the San Joaquin Valley. 958 

  959 
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