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EXECUTIVE SUMMARY 

 

The CALFED Science Program’s Independent Review Panel’s (IRP) review of the revised 

Delta Risk Management Strategy (DRMS) Phase 1 Report concludes that the DRMS analysis 

is now appropriate for use in Phase 2, and is now acceptable for use as a tool for informing 

policymakers and others regarding potential resource allocations and strategies to address risk 

in the Delta region. This conclusion, however, is subject to some important caveats. First, the 

IRP cautions users of this revised DRMS Phase 1 Report that future estimates of consequences 

must be viewed as projections that can provide relative indicators of directions of effects, not 

predictions to be interpreted literally. Second, anyone using the results of the DRMS scenarios 

must be aware that ecosystem effects are not fully captured in the analysis, and that, in 

particular, the lack of ecosystem consequences reported does not imply small ecosystem 

impacts. Rather, the IRP notes that some scenarios could result in extremely large ecosystem 

disturbances, but these impacts will not be quantified because ecosystem consequences are 

inadequately accounted for in the current DRMS modeling framework. Finally, although the 

IRP found that most of the analyses were sound and the conceptual models used captured the 

likely risks to the Delta in the present and future, some questions still remained regarding the 

details of certain analyses. The most important of these are presented in the main body of the 

report below, while specific comments and analyses are presented in various Appendices. 

These must be considered for a full understanding of the IRP’s review of the revised DRMS 

Phase 1 Report. The IRP believes that these caveats require users of the DRMS model 

framework to exercise due diligence to ensure scientifically credible interpretations of the 

results. 
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I. INTRODUCTION  

 

A. Background 

This report summarizes the findings and conclusions of the Independent Review Panel’s (IRP 

or Panel) second review of the Delta Risk Management Strategy (DRMS) Phase I Report. The 

first review was completed by the IRP on August 23, 2007. In the first review, the IRP 

organized comments into Tier 1 and Tier 2 categories. The IRP identified several major Tier 1 

concerns that influenced the primary results and conclusions listed in the first draft of the 

DRMS Phase 1 Report. The IRP also identified many Tier 2 concerns related to specific 

analyses in each report section.  

 

In response to that review, the DRMS authors revised their original DRMS Phase 1 Report and 

submitted a revision of it (Draft 4, July 16, 2008) on July 17, 2008. That fourth draft of the 

revised DRMS Phase 1 Report is reviewed by the IRP in this document. Throughout this 

second IRP review, the IRP evaluates whether that revised DRMS Phase 1 Report addressed 

review comments from the earlier version. No subsequent review by the IRP is anticipated. 

 

B. Review Process 

The goals of this review, as detailed in the charge to the Panel (attached here as Appendix 1), 

were to assess the strengths and weaknesses of the revised DRMS Phase 1 Report, and to 

determine if the report provides a strong scientific and engineering foundation for further 

analyses that will lead to strategies for reducing risk in the Delta.  

 

To complete this latest review, the IRP members read the latest (fourth) draft of the revised 

DRMS Phase 1 Report, with subgroups concentrating on assessing specific sections of the 

report. The IRP then held a conference call on August 19, 2008, to discuss each Panel 

member’s assessment of the report. All members felt that there were some outstanding 

questions that would only be cleared up by direct questions to authors. Therefore, we set up a 

series of fact-finding calls to address four specific issues:  

o Aquatic resources modeling 

o Levee stability and seismic and flood forcing on levees 
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o Economics/valuation models 

o Transparency and organization of the report 

 

Notes were taken during calls and distributed to the IRP and DRMS authors. Written responses 

were provided by the DRMS authors to the IRP when additional clarification was needed. The 

call notes and written responses are presented here as Appendix 2.  

 

The IRP met in Sacramento on September 4 and 5, 2008 to finalize the review and to develop 

this document. We also met with the DRMS authors and agency representatives to address any 

outstanding questions from our review and to present preliminary findings from the review 

process. The meeting was recorded, and the audio is available from the CALFED Science 

Program.  

 

During the review process, IRP members made many detailed comments on the revised DRMS 

Phase 1 Report. Editorial comments, which identified inconsistencies, errors, problems of 

organization, repetitions, and omissions, were collated by CALFED Science Program staff and 

are provided in Appendix 3. Details on seismicity and seepage issues, in addition to those 

presented in the main body of the report below, are presented in Appendix 4.   

 

An overview of the Panel’s review and the contents of the Appendices were presented verbally 

to the DRMS authors and agency representatives on September 5, 2008.  This present 

document is the final, written version of the IRP review.   

 

C. Review Focus 

The original IRP charge included three major categories and several questions (Appendix 1) 

that guided assessment of the revised DRMS Phase 1 Report, as follows:  

• Information Gathering 

• Information Analyses and Results 

• Findings and Conclusions  

The IRP combined these categories to better assess the revised and greatly expanded DRMS 

report, as follows. We begin by focusing on the overall adequacy of the DRMS scientific 
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information and on the overall technical adequacy of the analysis methods and information 

used for the components of the DRMS analysis related to causes of risk (Section II) and 

modeling of the consequences of risk (Section III). We then comment on the reasonableness of 

the findings and conclusions of the DRMS analysis (Section IV). A separate review of the 

Executive Summary to accompany the revised DRMS report (not provided to the IRP until late 

in the review process) is presented in Section V and Appendix 5. Finally, we summarize our 

main conclusions from the Review (Section VI). 

 

D. General Statement of Review Findings 

In the first review of the original DRMS Phase 1 Report (dated August 23, 2007), the IRP 

concluded that: 

“As written, many of the analyses are generally incomplete and therefore inadequate to 

serve as a foundation from which to make reasonable policy decisions about future resource 

allocations concerning strategies for the Delta region. In other words, the Panel believes 

strongly that the inadequacies in some of the analyses may lead policymakers and others to 

erroneous conclusions and inappropriate decisions. (Page 3)”   

and  

“The Panel seriously questions the usefulness of any Phase 2 analyses that rely on results 

reported in a Phase 1 draft report that is not significantly revised to address the Panel’s Tier 

1 comments. (Page 7)” 

In this second review, we find the revised DRMS Phase I Report (Draft 4) to be much 

improved. The DRMS authors successfully addressed many of the IRP’s original questions and 

concerns, and substantially improved the exposition. The IRP has therefore concluded that the 

revised DRMS Phase 1 Report is acceptable for use as a tool for informing policymakers and 

others regarding potential resource allocations and strategies to address risk in the Delta region, 

provided that some important caveats (detailed below) are well understood.  

 

The first caveat is common to any broad analysis that relies on a series of linked models. In 

such analyses, caution is imperative when interpreting scenarios that deviate substantially from 

baseline conditions. In the case of the DRMS analysis, baseline conditions are the 2005 base -

year results. Predictions of conditions 20 to 30 years into the future are inherently highly 
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uncertain, and reliable predictions of conditions 50 to 100 years into the future are virtually 

impossible. We therefore caution that future estimates of consequences must be viewed as 

projections that can indicate potential directions of effects, not predictions to be interpreted 

literally. In a related issue, the IRP cautions readers and users of the DRMS report to avoid the 

common mistake of equating precision with accuracy. Precision is the exactness of the reported 

results. Accuracy is how close the predictions are to truth. The DRMS analysis involves many 

computer-based calculations that can be reported with very high precision, from which it is 

often tempting to infer great accuracy. In turn, this could lead to misinterpretation of the 

DRMS results, and thus to incorrect decisions.  

 

The second caveat is specific to the DRMS analysis and is due to the minimal ecosystem 

consequences that are actually assessed in the revised DRMS Phase I Report. Estimates of the 

effect of island flooding on vegetation and wildlife were much reduced from what was 

described in the methods section of the first draft of the DRMS Phase I Report and in the 

Impact to Ecosystems Technical Memoranda (TM). Furthermore, there was no assessment of 

consequences for aquatic resources (i.e., fish). With ecosystem consequences minimally 

represented in the current DRMS models, and with fish absent from the predictions, the IRP 

believes this could easily lead to erroneous interpretations of DRMS model results. Thus, 

anyone using the results of the DRMS scenarios must be very aware that ecosystem effects are 

not fully captured in the analysis, and that, in particular, the lack of ecosystem consequences 

reported does not imply small ecosystem impacts. Rather, the IRP notes that some scenarios 

could result in extremely large ecosystem disturbances, but these impacts will not be quantified 

because ecosystem consequences are inadequately accounted for in the current DRMS 

modeling framework. 

 

The IRP believes that these caveats require users of the DRMS model framework to exercise 

due diligence to ensure scientifically credible interpretations of the results. 
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II. REVIEW OF ANALYSIS METHODS AND INFORMATION—CAUSES OF RISK 

TO THE DELTA 

 

A. Seismic Risk Analysis 

The approach taken in the DRMS Phase I report to assess seismic risk has two key 

components: (1) an analysis to predict possible ground motions (seismic hazard), and (2) an 

analysis to predict levee response to ground motions (levee vulnerability). 

 

Characterization of the seismic hazard used by the DRMS relies primarily on work done by the 

United States Geological Survey (USGS) and the California Geological Survey (CGS). We 

find the approach taken by the DRMS to be technically sound and defensible. In particular, the 

peak ground accelerations associated with return intervals of 100, 500 and 2,500 years at a 

range of locations across the Delta reported by the DRMS are comparable with published 

results from earlier studies. 

 

The characterization by the DRMS of levee response to ground motions is also sound and 

similar to that used by other engineering organizations in the practice of geotechnical 

earthquake engineering. The predicted response of levees to historical earthquake events, such 

as the 1980 Livermore and 1906 San Francisco earthquakes, is consistent with available 

observations.  

 

Therefore, the approach used by the DRMS to model seismic activity meets accepted standards 

of practice for modeling, and is based on currently available information. The methods and 

results are clearly presented in the revised DRMS Phase 1 Report, and an adequate description 

of the methods is provided in the associated Technical Memorandum.  

 

The IRP notes that the predicted frequencies of island failures due to earthquakes in the base-

case analysis are significantly higher than the historical record. The DRMS analysis predicts 

the following frequencies of island failures (Figure 13-2): 

• one event per 10 years of having at least one island fail (flood) due to an earthquake; 

• one event per 20 years of having at least ten islands fail due to an earthquake; and 
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• one event per 100 years of having at least 40 islands fail due to an earthquake. 

Although there has potentially been seismically induced damage to Delta levees, there have 

been no known failures of islands due to earthquakes in at least the last 100 years. Even if the 

historical record of earthquakes were extended further back to include the relatively active 

seismic period between 1850 and 1906, before the modern Delta was developed, there would 

be at most several events where an earthquake may have caused hypothetical island failures if 

the Delta were in its present condition. Hence, the frequencies predicted by the DRMS for 

earthquakes causing one to ten island failures are significantly higher than the historical record 

suggests. 

 

We recommend that the DRMS predictions of earthquake failures be better put into a historical 

and practical context in the revised DRMS Phase I Report. This context should include an 

expanded discussion and an acknowledgment of the potential limitations in the current 

standard of practice for seismic risk analysis (see Appendix 4 for a detailed discussion on this 

topic). This should also include widening the confidence bounds on the predicted frequencies 

(Figure 13-2 in the revised DRMS Phase I Report) to reflect that while the DRMS expects a 

higher frequency of seismic failures in the future, the actual frequency of failures could be 

similar to the available historical record. Providing readers with a realistic context for these 

results is particularly important because seismic-induced failures dominate the overall risk for 

high-consequence events. 

 

B. Flood Risk Analysis 

The DRMS report used the appropriate scientific information currently available for flood risk 

analysis. Data on stream-flow, levee elevation, and levee structure collected from the United 

States Geological Survey (USGS), the United States Army Corps of Engineers (USACE), the 

California Department of Water Resources (DWR), and other agencies were used to determine 

the potential flooding in the Delta. These are the most common and appropriate data used in 

such analyses. The methods used to collect this information are clearly presented and well-

documented in the associated Technical Memorandum (Flood Hazard TM, March 4, 2008).  
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In general, the IRP identifies no major omissions or limitations to information gathering for the 

flood risk analysis. However, there is one potential issue related to characterization of levee 

foundation materials for failure analysis through seepage that may lead the DRMS analysis to 

under-estimate water seepage through levees. Available permeability values used to calculate 

seepage were derived from laboratory tests; apparently the field pumping test data was largely 

ignored (See Table 7 -12 for field data). The IRP believes that the laboratory test data are 

generally low (that is, on the impermeable side) for both peat and sand. Coupled with a peat 

permeability anisotropy value on the high side (e.g., Kh/Ky =100 for peat), this pushes up the 

factors of safety for levee stability when evaluating failure via through or under-seepage. More 

water is likely to seep through and/or under the levee than the DRMS models predict, but we 

are not certain how this would specifically affect their final analyses of failure of specific levee 

reaches. 

 

C. Sunny Day Failures  

The DRMS assessment of frequency of levee failures not directly caused by seismic or 

hydrologic events (that is, “sunny day” failures) is reasonable. It is based on the historical 

record where there has been approximately, on average, one failure every ten years. 

 

The analysis did not include a potential future increase in sunny day failures owing to continual 

degradation of the levees, which hold back water 365 days a year. However, this potential 

limitation does not affect the overall results because single-island failures do not contribute 

substantially to the overall risks. 

 

III. REVIEW OF ANALYSIS METHODS AND INFORMATION―MODELING OF 

RISK CONSEQUENCES 

 

A. Life Safety 

The IRP finds that the analysis of the effects of flooding events on human safety (fatalities) is 

performed in a technically competent fashion and clearly communicated. The model used by 

DRMS has been used by others to assess human risk from major dam failures, and was used 

recently in a risk analysis of the New Orleans levee system. 
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B. Economic Analysis  

The data, models, and assumptions employed in the revised DRMS Phase I Report for the 

assessment of economic resources at risk are clearly defined. Given the complexities and large 

geographical scope of this assessment, the number of potential cost and impact factors 

contained within the region, and the short time-frame within which to conduct the assessment, 

the approach used by the DRMS authors, of necessity, relies on a wide array of secondary data 

and off-the-shelf models. This approach is an accepted procedure for performing the type of 

broad-scale assessment required for the DRMS effort. The scope of the analysis includes the 

economic costs and impacts estimated for both the “in-Delta” and “out-of-Delta” regions. A 

wide range of potential economic effects are quantified, including water quality (salinity) 

effects arising from levee failures and the consequent effects of these changes in salinity on 

water exports. 

 

 The economic assessment is based on a 2005 base case and employs a “business as usual” 

(BAU) assumption to predict future impacts. That is, trends in population and economic 

growth are presumed to continue as currently observed, and decision-makers (e.g., water 

managers, farmers, builders, regulators, etc.) continue to operate as if things are not changing. 

We believe this assumption likely overstates economic consequences. Evidence of this is the 

implicit assumption that after a significant flooding event, all infrastructure and residential 

dwellings will be rebuilt in exactly the same spatial arrangement as before the event. In some 

cases, the BAU scenario assumes rebuilding schedules that simply cannot occur within the 

simulated periodicity of flood events. For this reason, we believe that the economic analysis, 

while sound for present-year (base case) conditions, seriously overstates estimates of economic 

costs and impacts beyond 2020.  

 

Although the underlying data and models used to assess the economic consequences of levee 

failure are subject to (and sometimes compound) errors and uncertainties, we believe the 

results are scientifically defensible overall for capturing the economic consequences of the 

base case scenario, as reported in Section 13.  We do not feel, however, that the models and 

assumptions are capable of providing policy-relevant estimates of economic consequences 
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under any of the future scenarios discussed in Section 14 and in the Executive Summary, a 

concern to which we return in the discussion of findings.  

 

C. Water Quality 

The section of the revised DRMS Phase I Report that addresses Salinity Impacts (WAM – 

Water Analysis Module) satisfactorily addresses the comments of the first IRP review. In our 

opinion, it is a technically sound approach for simulating island flooding, water operations and 

exports, and salinity effects. Most of the IRP’s comments from the first review related to the 

lack of consistency between the WAM TM and what was described in the original DRMS 

Phase 1 Report, and the general lack of clarity in this original report. As part of the first review, 

the IRP pieced together what had been done for the WAM component of the DRMS analysis 

from reports, the TM, and other sources, and had deemed the technical aspects of the WAM to 

be acceptable. The authors have now addressed the major IRP concerns stated in the first 

review by updating the report to better reflect the WAM analysis. 

 

D. Flood Risk Analysis 

Models used to analyze flooding are appropriate and well documented. The DRMS report and 

associated TM include adequate information on how the analyses and modeling were 

conducted. However, the results of these analyses relating to levee failure due to seepage and 

overtopping are difficult to interpret in some respects. Some levee vulnerability types have 

very steep fragility curves (“brittle” behavior) related to seepage driven by stage height. 

Therefore, the potential for failure becomes more sensitive to uncertainty or variability in the 

stage level. It appears from report figures that the standard deviation between measured and 

predicted values is not much over 1.5 feet, suggesting good agreement between modeled and 

measured stage. However, it is not clear from the report and the TM how this variability is 

accounted for between the model predictions and the actual flood levels; and if they do account 

for it, how they account for spatial correlations (e.g., if they under-predicted the stage at one 

island, they may be more likely to under-predict it at other nearby islands). This variability is 

not explicitly accounted for in the fragility curves—they theoretically represent the probability 

of failure for a given (known or actual) water surface elevation, not a predicted one. Although 

this error appears to be small (at Benson Ferry, for example, the 99th percentile value for the 
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peak annual value, or 100-year elevation, is a little under 1 foot greater due to this error), it 

could have a notable effect on the probability of failure since the fragility curves are steep for 

the most vulnerable levees.  

 

Similarly, the fragility curves due to levee overtopping are also steep (Figure 7-75): At 2 feet 

over the crest, there is a mean probability of failure of 100%; at only 1 foot overtopping, there 

is a 60 to 90% chance of failure. Therefore, even a small range of uncertainty may make it 

difficult to predict failure due to overtopping. For the most vulnerable levee classes, this error 

could have a large effect on probability of failure due to both seepage and overtopping, 

manifested in future projections of levee failures due to flooding. Figures 13-13a and 13-13b 

show the mean annual frequency of present and projected future failure for islands from 

flooding. The highest predicted risk is in the Suisun Marsh, for islands that have never flooded. 

In contrast, the most commonly flooded islands historically correspond to a relatively low 

future risk of flooding. This implies that the DRMS models could be over-estimating failure in 

some areas, and under-estimating failure in other areas. It is not clear how this would affect the 

DRMS prediction of future risk of levee failure due to flooding under different climate 

scenarios. The very high increase (up to 10 times an increase) in expected failures of levees in 

2100 under some future scenarios of climate change may be an outcome of this modeling 

uncertainty and the sensitivity of failure to small changes in predicted stage. 

 

E. Ecosystems 

The Ecosystem Consequences component of the revised DRMS Phase I Report was 

significantly reduced in scope relative to the first DRMS Phase I report reviewed by the IRP. In 

its current form, the revised DRMS Phase 1 Report does not address many of the major IRP 

review comments that were made on the first DRMS report regarding the ecosystems analysis. 

This stands in stark contrast to almost all of the other components of the revised DRMS Phase 

1 Report, which made were amended significantly to satisfactorily address most IRP first-

review comments. 

 

Specifically, in the revised DRMS Phase 1 Report, the Impact to Ecosystem TM appeared to be 

only partially updated to describe a new aquatic resources analysis that was not implemented. 
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Furthermore, the description of the vegetation and wildlife impacts in the TM, as noted in the 

first review, does not match with what was reported in the revised DRMS Phase 1 Report. For 

example, there are several very large conceptual models shown as flowcharts, both in the TM 

(Figures 6-20a and 6-20b) and in the revised DRMS Phase 1 Report (Figures 12-14 and 12-15). 

All these appear to be outdated, identifying many quantitative analyses that are not reported in 

the results and creating the impression that more was done on ecosystem consequences in the 

Phase 1 analysis than actually took place. 

 

The revised DRMS Phase I report does analyze consequences for wildlife and vegetation. 

However, only a small fraction of the results promised in the TM and the methods section of 

the revised report (Section 12) are actually reported in the 2005 Base Year Results section 

(Section 13) of the report. For example, the only results reported for vegetation are the percent 

of vegetation that spatially overlaps with the area impact by flooding. The suitability functions 

and time recovery described in the TM and revised DRMS Phase 1 Report are never actually 

computed and reported. 

 

The revised TM and DRMS Phase 1 Report outline an entirely new method for analyzing the 

consequences for aquatic resources, but the method is not implemented. We understand that the 

impacts to aquatic resources will not be analyzed or included in Phase 2 of the DRMS project. 

This is an unfortunate choice, because the IRP finds that the completely revised approach to 

modeling aquatic resources described in the revised TM and DRMS Phase I Report appears to 

be a good effort to address our first-review concerns about the aquatic resources analysis. In 

the absence of a systematic modeling approach, the IRP concludes that reliance on a purely 

qualitative (narrative) approach for assessing risks to aquatic resources, as will likely be used 

during the Phase 2 work, allows for too much subjectivity, is difficult to peer review, and can 

be too easily dismissed when contrasted with quantitative results from the other consequences 

components (e.g., dollars from the economics analysis). Given the important role played by 

these key fish species in water management and ecosystem restoration, and given that they 

were targeted specifically for analysis in the DRMS study effort, the omission significantly 

weakens the usefulness of the revised Phase 1 DRMS Report. 
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The IRP also notes a pattern of reduction in both the breadth and scope related to the 

ecosystem consequences as the DRMS project progresses: only limited results for vegetation 

and wildlife were included in the revised Phase 1 report, and as noted, analyses for aquatic 

resources were completely omitted. The minimal evaluation of ecosystem consequences 

restricts the usefulness of the DRMS Phase 1 analysis, and limits the scenarios that can be 

examined in Phase 2 to those that can be identified from the start as having known or very 

small aquatic ecosystems impacts. 

 

F. Climate Change Projections 

The projections of potential climate change consequences for the Delta used in the revised 

DRMS Phase I Report are based on the most appropriate scientific information available. The 

methods used to collect this information are clearly presented and well documented in the 

associated TM. There are no obvious missing data-sets or information, and no serious 

limitations on the data used to generate future climate change projections. 

 

If anything, the analysis may be biased toward under-estimating the range and/or magnitude of 

the potential effects of climate change, for three reasons. First, the “low end” sea-level rise 

projection, based on extrapolation of historical trends in sea-level rise over the past century, 

would be higher if derived from the accelerated trends that have been observed in recent 

decades. Second, for stream-flow and flooding projections, only four scenarios were examined, 

which truncated the range of possible effects. This is particularly a concern when assessing the 

effects of a higher emissions future, where nearly all winter precipitation could be expected to 

fall as rain rather than snow before the end of the century, increasing early season flood risk. 

Finally, there are multiple mechanisms by which climate can affect a given system. Although 

sea-level rise and changing stream-flow patterns are the most directly quantifiable, other 

impacts on atmospheric circulation systems, such as storm frequency and intensity, could also 

be important. The DRMS Phase I Report accurately notes that climate change may also affect 

storm frequency and severity, and correctly concludes that it is difficult to develop quantitative 

projections of this effect. When this effect is eventually quantified, however, the potential 

impacts of climate change on the Delta are more likely than not to be even more pronounced 

than currently stated in the report.  



 16

 

G. Model Linkages 

The DRMS has constructed an approach to assess the human safety, economic, and ecosystem 

risks by linking together a series of models that characterize the hazard (e.g., earthquakes and 

floods), the performance of the levees in response to the hazard (e.g., overtopping and/or 

breaching), and the consequences to people, property, and the ecology resulting from levee 

performance. We believe this approach is logical and consistent. However, we do have some 

concerns. 

 

First, this coupling of models is challenging and difficult to substantiate, due to the following 

factors: 

• There is an extremely large (theoretically infinite) number of possible earthquake and 

flooding events that need to be considered; 

• The levees and islands should be considered as an inter-connected system rather than 

treated as individual components; and 

• The consequences depend not only on how many islands are flooded in an event, but 

which specific islands are flooded and at what time of year the flood occurs. 

 

How the component models are linked in the DRMS analysis raises concerns about the 

transparency of the modeling framework. It would be nearly impossible to replicate the DRMS 

analysis by reading the DRMS Phase 1 Report and TMs alone. Detailed suggestions to improve 

the clarity of the report are provided in Appendix 3, but these are not sufficient for complete 

transparency. Because of the complexity of the individual models that have been linked 

together, ultimately the analysis takes on a “black box” approach, making it difficult to discern 

directly which input, models, and assumptions are important in the overall outcomes.  

 

For this reason, the IRP recommends that additional sensitivity analyses would be valuable to 

define the influence of key variables on results and generally increase the transparency of the 

analysis. Such sensitivity analyses would also help in formulating and then interpreting the 

upcoming Phase 2 analyses.  
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IV. ASSESSMENT OF DRMS PHASE 1 FINDINGS AND CONCLUSIONS 

 

A. Risk to Human Life and Safety   

The total life safety risk, considering all causes of island failures, corresponds to events with 

more than ten fatalities occurring once every 10 years, events with more than 100 fatalities 

occurring once every 50 years, and events with more than 300 fatalities occurring once every 

1,500 years. A presentation and discussion of the total life safety risk, in addition to the risk 

associated with individual causes of island failures, would be a helpful addition to the revised 

DRMS Phase I Report. For events with fewer than about 300 fatalities, the total life safety risk 

is governed by hydrologic causes. This conclusion should be stated clearly in the report. The 

estimated frequencies for fatalities are higher than the historical record; there are no known 

fatalities from the 166 failures in the Delta that have occurred over the past century. Discussion 

of this historical context, including how the size of the population at risk today and in the 

future compares to the past, should be included in the report. Finally, it would be valuable to 

compare the total life safety risk for this levee system with other similar levee systems (e.g., 

the New Orleans Hurricane Protection System) and with similar facilities, such as dams. 

 

B. Economic Results  

The economic costs and impacts reported in Section 13 of the revised DRMS Phase I Report 

are based on generating events within the seismic, flood, and sunny day analyses (e.g., see 

Figures 13-21a and Figure 13-21b).  We have three concerns and suggestions to improve the 

reader’s understanding of these results.  First, it would be helpful if the estimates were given 

some context relative to other economic measures of similar events reported in the literature. 

For example, how does the upper-bound estimate of $40 billion compare with the overall value 

of economic activity within the region; and how does it compare with losses sustained from 

previous earthquakes in California?   

 

Second, while we accept that the general approach of using linked models is scientifically 

defensible, we believe that this communicates an inherent, upward bias to the resulting 

economic costs and impact curves. The upward bias results from the potential compounding of 

assumptions across the various linked models, as well as the assumption of “business as usual” 
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in the base case. Assumptions that err on the side of over-predicting effects may be reasonable 

for each model, but these assumptions are compounded as the output of one model is passed as 

input to the next model. At each step, the over-prediction gets amplified until it reaches the 

economics consequences. We do not feel, however, that this negates the utility of the economic 

consequences for use in policy decisions surrounding near-term consequences of levee failure 

(i.e., the base case results reported in Section 13). 

 

Third, we have little trust in the economic consequences predicted for the future scenarios 

(years 2050, 2100, 2200), as reported in Section 14 and in the Executive Summary. While we 

understand that the DRMS authors were charged with performing such assessments, the 

magnitude of the uncertainty embedded in forecasting economic conditions beyond more than 

a few decades is too great to make these estimates useful for policy decisions. 

 

C. Water Quality 

Findings and conclusions regarding the effects of island failures on water quality reported in 

Section 13 of the revised DRMS Phase I Report and the Executive Summary are supported by 

the analyses. Most findings and conclusions about the WAM (Water Analysis Module) 

predictions of water quality effects are reported as they affect the economics. The accuracy of 

the statements about water quality is thus only as good as the economic calculations that use 

the WAM output as inputs. We also note that dissolved organic carbon and methylmercury are 

specifically discussed in the Executive Summary, but no actual analyses are provided in the 

narrative report or in a particular TM. Dissolved organic carbon and methylmercury are 

discussed in Section 11.7 of the revised DRMS Phase 1 Report entitled “Other Water Quality 

Impacts”, which states that they are not currently included in the WAM. Because only salinity 

is included in any comprehensive way, “water quality” should be defined very specifically, or 

the term should be replaced with “salinity” to better represent the actual analyses.  

 

D. Ecosystems 

The minimal ecosystem consequences reported in the revised DRMS Phase 1 report are 

reflected by the limited findings and conclusions presented in Section 13 and in the Executive 

Summary. No conclusions were reported for aquatic resources. The Executive Summary makes 
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the non-conclusive statement that “Levee failure and island flooding caused by earthquakes 

can have both adverse and beneficial impacts on the aquatic ecosystem.” The findings and 

conclusions for vegetation and wildlife accurately reflect the results of the analyses performed, 

but the scope of the analyses was extremely limited, and so the conclusions are too general for 

practical use. For example, the Executive Summary concludes that a multiple island failure 

could cause large losses of non-native vegetation and large losses of wildlife habitat, including 

several species of concern. Although we agree that these findings and conclusions concerning 

ecosystem consequences are accurate, they are accurate simply because the statements are very 

general. The IRP therefore concludes that the findings and conclusions about ecosystem 

consequences reported in the revised DRMS Phase1 Report fail to provide information useful 

for resource-allocation decisions and other related policy issues.   

 

V. REVIEW OF THE DRMS EXECUTIVE SUMMARY 

 

The executive summary is critically important, as it is the single document most likely to be 

read. For this reason the IRP conducted a detailed review of the executive summary (Appendix 

5). The goal of the detailed comments presented in Appendix 5 are to ensure the summary 

accurately reflects the technical report; does not make any unsubstantiated statements; and is 

factual, precise, and accurate.  

 

In general, the IRP feels that the executive summary approach is the right one. The summary is 

in the most part accurate (although we do caution against the use of language such as "can" and 

"will" that implies absolute certainty), and in general represents a major improvement over 

previous efforts. It is fairly concise, but could be made more so through eliminating repetitious 

text, and tightening up and increasing the precision of the language used. In light of the 

overwhelming importance of the executive summary, the IRP encourages the Department of 

Water Resources to seriously consider these comments and make the recommended changes to 

the executive summary. 
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VI. CONCLUSIONS 

 

The IRP concludes that the revised DRMS Phase 1 report is acceptable for use in Phase 2 as a 

tool to inform policymakers and others about potential resource allocations and strategies to 

address risk in the Delta region.  

 

In comparison to the initial draft of the DRMS Phase 1 Report, the current report is much 

improved. The DRMS authors should be commended for their efforts on the revised analyses 

and report. With the sole exception of ecosystem consequences, we find that the revised report 

adequately addresses both the Tier 1 and Tier 2 comments from the first IRP review.  

 

This second IRP review, however, does highlight some major issues still outstanding. First is 

the reduced role of ecosystem consequences. The minimal vegetation and wildlife analyses and 

the complete lack of fish effects severely handicaps the ability of the DRMS analysis to 

estimate likely impacts on ecosystems. Second, because the final conclusions of the report rely 

on a series of linked models, caution is imperative when interpreting scenarios that deviate 

substantially from baseline conditions. Predictions of conditions far into the future are highly 

uncertain, and should be considered as indicators of effects, not precise predictions of future 

conditions. Finally, although the IRP found that most of the analyses were sound and the 

conceptual models used captured the likely risks to the Delta in the present and future, some 

questions still remained regarding the details of certain analyses. 

 

These concerns must be considered by users of the DRMS model framework, as they exercise 

due diligence to ensure scientifically credible interpretations of the results to be obtained 

during the Phase 2 study effort and beyond. 


