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ABSTRACT

The San Francisco Estuary Partnership (SFEP),ahd8ancisco Bay Conservation and
Development Commission, and the Environmental [etate Agency (EPA) collaborated on an
ecological vulnerability assessment, using a nowethodology based on expert judgment, to
inform adaptation planning under EPA’s Climate ReBdtuaries Program. An expert
elicitation-type exercise was designed to systerabyi elicit judgments from experts in a
workshop setting regarding climate change effentev@ key ecosystem processes: sediment
retention in salt marshes and community interastiormudflats. Specific goals were to assess
1) the relative influences of physical and ecolabiariables that regulate each process, 2) their
relative sensitivities under current and futurenelie change scenarios, 3) the degree of
confidence about these relationships, and 4) irmpbos for management. For each process, an
influence diagram was developed identifying keycess variables and their interrelationships
(influences). Using a coding scheme, each expentacterized the type and sensitivity of each
influence under both current and future climatengfgascenarios. The experts also discussed the
relative impact of certain influences on the endfi This report shows how particular
pathways in such diagrams can be linked to manageoptions in the context of planning
documents to identify opportunities for ‘mainstreagh adaptation.
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EXECUTIVE SUMMARY
The San Francisco Bay estuary is highly vulnertdbldimate-related changes including

increased water temperatures, changes in preajpitabd winds, and sea level rise. Impacts
such as increased inundation of coastal wetlafdds)ges in water availability and quality, and
altered patterns of sedimentation and erosionrereasingly interacting with other human
stressors such as extractive water uses and laxchasnges. Thus it is essential that estuary
managers become ‘climate-ready’ by: assessingulmerability of natural resources to climate
change; considering strategic choices among adaptstrategies in the near term; and engaging
in longer term planning based on a range of pldeisitenarios of future change. In an era of
shrinking budgets coupled with increasingly compdexision-making needs — often taking
place in a context of uncertainty and incompleferimation — managing natural resources in the
face of climate change will be challenging. Thisra need for assessment methods that take
advantage of existing scientific expertise to hdgntify robust adaptation strategies, weigh
difficult trade-offs, and justify strong action] al a timely and efficient manner.

The purpose of this project was to carry out atpildnerability assessment for the San
Francisco Estuary Partnership’s (SFEP) naturaluress using expert judgment, the results of
which could be linked to adaptation planning. fistim, EPA’s Office of Research and
Development collaborated with SFEP and the Sancisem Bay Conservation and Development
Commission on a novel expert elicitation exerceapid’ vulnerability assessment. A trial
exercise was carried out during a two-day workshophich two groups of seven experts each
focused on two key ecosystem processes: sedimentioa in salt marshes and community
interactions of shorebirds (Figure ES-1). The eise; which was based on formal expert
elicitation techniques but tailored specifically fpualitative analysis of ecosystem processes,
was designed to glean expert information on theieties of ecosystem process components
under future climate scenarios. This was followgdjroup discussions of the implications of
the results for management in light of climate degras well as feedback on the exercise itself.

Figure ES-1. Selected ecosystem processes for piilet vulnerability
assessment.

Sensitivities and Potential Adaptation Responses

Using the experts’ judgments on the sensitivitidfkey ecosystem process components
to future climate conditions, it is possible to ik&y ‘top pathways’ for which there are
available adaptation optionsAfter creating influence diagrams showing the relahips
among key process variables (Figures ES-2 and Ethe8experts generated information on
which relationships may show, under future clin@tange: 1) increasing relative impact on the

overall process; 2) increasing sensitivity; an@i3upt threshold changes. Based on the amount
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of expert agreement on each relationship, it isipe to identify ‘top pathways’ of interest for
management. Three top pathways for each procestesacribed below, with accompanying
discussion of adaptation options for management.

Figure ES-2. Top pathways for management of the Nldccretion/Erosion
endpoint. Colors are used to distinguish differenpathways. Red symbols
highlight potential changes under future climate caditions.

Figure ES-3. Top pathways for management of the ®nebirds endpoint.
Colors are used to distinguish different pathways.Red symbols highlight
potential changes under future climate conditions.

Sediment Retention Green pathwalwo relationships in this pathway (Figure ES-2)
were indicated by the experts as having increaslagive impact on net accretion and erosion
under climate change. The direct effect of orgasicumulation through below-ground biomass
production already has a high relative impact endberall process, and this relative impact is
expected to increase under sea level rise assoaidtte climate change. Likewise, the effect on
freshwater inflow of reservoir management is expatd be of increasingly high relative impact
under climate change as freshwater supplies beamwreasingly variable and human demand
continues to increase. Management options undep#thway include:

* Managing reservoirs for steady, lower-volume redgde regulate salinity and favor
native marsh vegetative productivity
» Investigating optimal timing of releases relativdlte growing season
* Prioritizing releases designed for salinity maiatece compared to high volume pulses to
support mineral sediment transport
» ‘Stepping up’ Spartina (invasive cordgrass) erd@hogprograms since increased salinity
regimes favor this invasive species.
Sediment Retention Purple pathwakhe climate-related shift in this pathway (Figur
ES-2) involves an increase in the sensitivity dfmeneral accumulation to changes in sediment
size. This is a direct relationship, with largeaig sizes favoring net mineral accumulation since
larger grains deposit more readily, are hardeetsuspend and provide larger building blocks
for accretion. Increasing sensitivity of net medeaccumulation to sediment size relates to the
fact that sediment flux, the other determinantetfmineral accumulation, is expected to
continue to decrease because of continuing prosessponsible for historical declines from
peak sediment inputs in the past and because efhf@aitchanges in wave-driven erosive
processes. Management options under this pathveaydie:

» Investigating how changes in land cover (includthgnges from impervious to
permeable pavement systems) may affect sediment siz
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* Managing reservoirs for high volume pulses to iaseetransport of larger grain
sediments to marshes
» Adjusting policies that prevent coarse sedimennfentering the Bay, such as changing
Total Maximum Daily Load requirements to allow acrease in sediment loads for
streams that do not support salmonids
» Engaging with flood control districts to re-cougkeeam sediments to wetlands.
Sediment Retention Blue pathwain this pathway (Figure ES-2), the experts idmut
the potential for an abrupt threshold change irefifect of wind-generated waves on sediment
flux, from a direct to an inverse relationship éieasing relative impact on the overall process.
Under current conditions, wind-driven wave acti@s la net positive effect on sediment flux
onto salt marshes, as greater wave energy canigeéiid increase rates of sediment transport
from bays and adjacent mudflats deep into marstesyss However, under future climate
conditions a threshold may be crossed becauseltwdrage in wave character as water depth
increases due to sea level rise. In deeper waeres behave differently, with less wave energy
available for re-suspension of bottom sedimentsraace energy delivered to the marsh edge,
leading to increased erosion. Management optiodenthis pathway include:

* Monitoring wind, waves and sediment fluxes to detiee threshold shift when it occurs,
and in the meantime preparing a response plarftirtae shift
» Building berms or restoring oyster reefs as protedbarriers against wave energy
» Locating sites to deposit dredge materials witloal gf enhancing sediment
concentrations on mudflats adjacent to marshes
* Prioritizing development of new tools for reduciwgve action on the front of marshes.
Community Interactions Green pathwaBoth relationships in this pathway (Figure ES-
3) were indicated as having increasing relativeaotn the shorebirds endpoint under climate
change. A strong direct effect of landscape moghgtined as a mixture of habitats for
secondary foraging, roosting, and cover from pradahat support efficient use of mudflat
feeding habitat) already has a high relative impacshorebirds; and this may increase even
further under climate change as mudflat habitagsolne scarcer and smaller in extent.
Likewise, the effect on landscape mosaic of resitmmas expected to be of increasingly high
relative impact under climate change as individhadditats within the mosaic are differentially
impacted by temperature increases, altered pratigit patterns, and water diversions in a
context of continuing land use change. Managermgtibns under this pathway include:

» Assessing and mapping landscape mosaics to déi@oges and support management at
the landscape scale

* Managing landscape mosaics through spatial plaragesgyned to prioritize where and
how to restore which habitats, in order to ensucerdginuum of wetland and upland

ecosystems which could migrate inland as sea leses
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* Including ‘threshold landscapes’ (those about tangje from one set of dominant
processes to another, or from one state to andtheonsideration for restoration

» Supporting legislation or incentives that encounag®ing back or blocking of
development on lands where there is restoratioanpial now or in the future.
Community Interactions Purple pathwaVhis pathway (Figure ES-3) shows a high

relative impact of mudflat prey populations on dirds. The abundance of prey per unit area
will become increasingly important (of increasimdptive impact) under climate change as
spatial extent of mudflats shrink with sea levséri Also, there is an abrupt threshold response
of the prey community itself to water quality (siieally, dissolved oxygen), from a direct to a
very strong direct effect under climate change.désreases in dissolved oxygen occur with
climate change due to increased temperatures aadgti@mphication, prey communities may flag.
A critical threshold may occur in the future if siidved oxygen reaches low enough levels to
cause prey populations to crash. Management aptinder this pathway include:

* Protecting water quality through integrated waesources management, including
stormwater management and rainwater-harvestingctwdiso benefits water
conservation)

» Using permeable rather than impervious surfacesdoce runoff

* Restoring riparian zones to act as natural filters.

Community Interactions Blue pathwailhis pathway (Figure ES-3) contains two
relationships that the experts identified as semsib climate change. The extent of mudflat
available for foraging (i.e., the number of houes acre that mudflats are exposed and therefore
accessible) has a direct effect on shorebird poipuals, and this may become increasingly strong
as a threshold effect under climate change. Bhiecause extent of mudflat may become
limiting as sea level rises, with available foraghmabitat becoming too limited to support
shorebird populations. At the top of the pathwhgre is a relationship of increasing sensitivity
of freshwater inflow to water management pract{sgecifically, reservoir management and
upstream operations). This effect will becomeeaasingly strong as freshwater flows from
alternate sources such as precipitation and trilestdecome more variable and/or scarce under
climate change. This relationship connects baekndio the shorebirds endpoint through a
series of linked variables having to do with seditreupply, transport and effects on bathymetry
(which helps determine extent of mudflat). Managatroptions under this pathway include:

* Managing reservoir water releases to mobilizetearusport sediments (e.g., through the
use of sediment maintenance flushing flows)

* Improving upstream operations to ensure greataladiaty of water (for more frequent
and/or intense pulse releases)

* Employing integrated water resources managemetit,am emphasis on shifting from

storage more toward conservation uses
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* Developing methods for moving coarse sedimentsthgdoay (e.g., by strategically
locating dredge spoil sites to enhance sedimengliggto mudflats).

Based on the nature and timing of the sensitivispme actions can be taken
immediately while others require monitoring and plaing for multiple potential futures.In
the case of relationships that are well understoatifor which there are management options
available, the nature of the expected climate-edlahift has implications for when managers
may want to take action. In the case of relatiggssfor which the expected climate-related shift
is toward increasing relative impact (and especiatiere the relationship is already of high
relative impact under current conditions), actian be taken immediately to put management
options into place for positive effects on thosthpays. In the case of relationships for which a
change in sensitivity is possible under future elienscenarios, the expectation of increasing
sensitivity could be considered a ‘notification’rtnagers to further study the relationship in
order to anticipate the degree and timing of thpanding sensitivity and prepare best
management responses. Finally, thresholds ardiaysar challenge, as it is often impossible to
predict exactly when a threshold response will ocdn these cases it will be important to
monitor threshold variables to identify the shittewm it occurs; in the meantime a manager might
act to keep the system ‘below’ the threshold ag s possible, while preparing a plan for what
to do if an unavoidable shift occurs. After a sbidcurs, a manager could decide to manage the
system differently in its new state, or take nocactaind instead shift priorities to other goals.

Adaptation Planning

Relating top pathways and associated adaptatiornays to existing management
activities is a path forward for actionThe top pathways described above were used tafigent
adaptation options that could be applied to sesesécosystem process components. A variety
of additional pathways and associated adaptatitioregcan be further explored using the
detailed tables of judgments and lists of strategi@vided in this report. The next step toward
adaptation planning is to connect the top pathveagsadaptation options to existing
management activities and plans. Under its cuigeats, SFEP is already undertaking a variety
of activities that can be related to these adaptaiptions, as described in its annual, mid-term
and long-term planning documents. These incluéeiBp restoration, sediment management,
monitoring and research projects and strategié® climate change sensitivities and potential
adaptation strategies identified in this report barcross-referenced to these activities, goals and
objectives to identify where existing work can louated to better support adaptation. Some
examples of such cross-referencing are providedsdarting point for more comprehensive
adaptation planning during future planning cycl&be intent is that the results of this
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assessment can be used to prioritize increasedtmeat in projects that take into account
specific, known climate sensitivities and make osparticular adaptation options that will be
most effective. Assessment results can also asgisiority-setting for long term research and
monitoring investment. Besides identifying welld@nstood relationships, the exercise also
revealed gaps in understanding of the system tildatate a need for further investigation of
some sensitivities as well as tailored projectdeeelop new management tools in response.

‘Mainstreaming’ climate change adaptation into onguy, iterative planning processes
will increase the ability of managers to identifyinvwin options, weigh multiple trade-offs,
and prepare for long-term changed=or SFEP as well as other National Estuary Progieamis
organizations with well established planning preessthere are benefits to ‘mainstreaming’
(continuously integrating) adaptation into ongopignning, rather than developing a stand-alone
adaptation plan. The objective is to start withas that have multiple benefits, i.e., that
contribute to current management goals while aspaonding to climate change. For example,
starting with the separate pre-existing plans ppsut of Baylands Ecosystem Habitat Goals,
Subtidal Habitat Goals and Upland Habitat Goalsjguts could be designed to coordinate
across goals and restore landscape mosaics thauppgort valued species such as shorebirds
not only today, but also under projected climatengje (see Green pathway, Figure ES-2).

Since climate change has the potential to intgrsifl even create new trade-offs,
mainstreaming climate change into planning is atgmortant for identifying and weighing
conflicts among adaptation options within the cahtd existing (and emerging) goals. One
example identified in this study is the simultaneoeed to reduce sediments in salmon stream
habitats (under current SFEP goals)l increase coarse sediment transport to the Bay (as
indicated by the Purple pathway in Figure ES-2hother example based on comparing
adaptation needs for two of the top pathways almtiee trade-off between high volume pulses
to enable large grain sediment transport (Purpllevey, Figure ES-2) and water availability for
steady, lower-volume releases to favor vegetatredymrtivity (Green pathway, Figure ES-2).

Given the long-term nature of the climate changdlehge, mainstreaming has an
additional advantage over a stand-alone plan inithe&lps counteract the tendency to postpone
adaptation actions in the face of more immediatdlehges. It often may be possible to adjust
current practices in ways that achieve adaptatioitevetill fulfilling original goals.
Furthermore, thinking ahead as part of planningssential for anticipating which of today’s best
practices may become ineffective and even ‘maladas sensitivities change and threshold
shifts occur under climate change. Once threshudale been crossed or other unavoidable
changes of significance have occurred, some maragagoals may have to be revised.
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Evaluation of Expert Judgment Approach

A novel methodology based on expert elicitation wieseloped and piloted as a tool for
‘rapid assessment’ of ecological sensitivities tomate change.The aim was to explore
whether it is possible to synthesize useful infarorafrom experts on key climate sensitivities
in the short time frame of a two-day workshop, g®mpert elicitation techniques. Expert
elicitation is a multi-disciplinary process for ngiexpert judgment to inform decision-making
when data are incomplete, uncertainties are laugeé more than one model can explain available
data. The novel methodology introduced in thislgtis a modification of formal (usually
guantitative) expert elicitation that uses quak&judgments in accordance with complex
ecological questions. Influence diagrams (showiegstructure of causal relationships among
variables) were used successfully to capture tperx collective understanding of the selected
ecosystem processes, under current conditions rashet two scenarios of future climate change
for a mid-century time frame. A coding scheme wsed by the experts to record their
judgments, with observational notes and group disioms used to gather additional information.

The result was three categories of information thasethe influence diagrams: 1) the
direction and strength of the relationships amoagables, 2) the changing sensitivities of some
relationships to climate change (including potdritieeshold responses), and 3) the relationships
of highest relative impact on the process as a@h@hen this wealth of information is
combined into a ‘crosswalk’ of all three categoriess possible to identify top pathways (see
above) comprised of relatively well-understood tielaships that are sensitive to climate change
and for which management are options availablenddars are encouraged to further ‘mine’ the
tables for other key pathways applicable to theacHic sites and to identify potential research
priorities based on information gaps.

The expert elicitation exercise developed for thssessment has the potential to be
useful for other sites, processes and ecosysteWhile an example North Bay site was used as
a means to focus the exercise, the variables titceup in the final influence diagrams are
common enough that most of the results may tramnsfire entire Bay for these particular
ecosystem processes. It is likely that the infigediagrams also could be transferred for use
with like ecosystem processes in other estuarigl,minor revisions for place-specific stressors
or other process variables; however the charaet#sizs of variable relationships, sensitivity and
relative impact would have to be revised, partictdathe location. Where information on
completely different processes is needed, the genesthodology should be transferable to
other processes and ecosystems. The strengthis oi¢thod include the ability to capture more
recent knowledge than would be available fromexaiiure review and more knowledge of the
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type that is closely related to management. dtse effective at integrating across disciplines
and scales, which is particularly important for ®giem and climate change assessments.

As a proof of concept for a new type of assessmeaicise, this method and its results
come with a number of caveats. This was not a cehgmsive vulnerability assessment for the
whole estuary, so prioritization based on theselt®should be considered in the broader
context of other vulnerable processes, ecosystachg@als. Given the complexity of these
systems and instances of uneven agreement amoag®xactions based on the top pathways
should be taken with care, with each manager censgl the applicability of the information to
his or her own specific system. Confidence eses&r individual judgments turned out to be
challenging, so improvements have been suggestexrémgthening this aspect in future
assessments. There is also the potential to $intpé coding scheme based on what was
learned in this trial run, to improve efficiencydaallow experts more time to fill in data gaps.
Regardless, the expert elicitation method develdpethis study was well suited for achieving
the goals of this assessment, and in a time fraoehmehorter than would be required for more
traditional, detailed quantitative modeling. Hayimwell-supported and timely study to
substantiate new and existing ideas can positiamagexs to justify the most appropriate
management options and priorities. It also cardated research priorities by highlighting known
research gaps. Overall, the method offers oppisrio capture and integrate the existing
collective knowledge of local experts, while pughthe boundaries to develop a new
understanding of the system and identify robusptdian options in the face of climate change.
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1. INTRODUCTION

1.1. BACKGROUND

The San Francisco Bay estuary is highly vulneréblbe impacts of climate change.

Sea level rise, increased air and water tempegtahanges in precipitation, and changes in
storm climatology and winds are already causingeiased inundation of coastal wetlands and
marshes, changes in water availability and quadityl altered patterns of sedimentation and
erosion. These impacts are interacting with oéimthropogenic stressors such as extractive
water uses and land use changes to make managefhestiarine ecosystems more challenging
than ever. While there are many uncertaintiesroiigg the nature of future climate changes and
the response of ecosystems to those changes,\estanagers can ‘ready’ themselves by
assessing the vulnerability of natural resourceditoate change, making strategic choices about
how to implement adaptation stratedigsthe near term, and planning for longer term
management under a range of plausible scenarieguré change. It is the aim of EPA’s
Climate Ready Estuaries (CRE) Program to assisohatEstuary Programs (NEPS) in meeting
such information and planning needs.

As part of the CRE Program, the San Francisco Bs®Rartnership (SFEP), the San
Francisco Bay Conservation and Development Comang8CDC), and EPA’s Office of
Research and Development (EPA ORD) collaborateiti®ualesign and trial of a novel
methodology for conducting vulnerability assessmaéot sensitive ecosystems of the San
Francisco Bay estuary. The aim was to developsassent capabilities using expert judgment to
synthesize place-based information on the potemmtiplications of climate change for key
ecosystem processes, in a form that would enabtageas to link the resulting information to
adaptation planning.

1.2. PURPOSE AND SCOPE
1.2.1. Purpose

The purpose of this project was twofold: to condugulnerability assessment using a
novel, expert judgment approach based on expertation methods, and to analyze the
implications for adaptation planning. This was aaomprehensive vulnerability assessment for
the whole estuary but rather a proof of conceptfaoew type of assessment exercise, using two
key ecosystem processes of salt marsh and mudbtiaystems as demonstration studies. This
was accomplished through a series of steps tatehfify key management goals and ecosystem
processes essential to meeting those goals; 2pareaceptual models of selected ecosystem

! Throughout this report, “adaptation” refers to mg@ment adaptation rather than evolutionary adaptat
Management adaptation refers to strategies fomidgueagement of ecosystems in the context of climati@bility
and change (CCSP, 2008a).
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processes; 3) assess ecosystem process sensitiwitkmate change; 4) consider resulting
vulnerabilities with respect to management goaisl;, 3 explore implications for adaptation
planning. Steps 1-2 were used to define the sobfiee assessment, while steps 3-5 comprise
the vulnerability assessment itself.

1.2.2. Scope

The scoping process began with a review of the SE&Rprehensive Conservation and
Management Plan in order to select key managenoa$ gpon which to focus the assessment.
The key ecosystem-related goals selected by SFE®sultation with BCDC and EPA ORD
were:

« Restore healthy estuarine habitat to the Bay-D&dtang into consideration all
beneficial uses of Bay-Delta resources

« Protect and manage existing wetlands

« Restore and enhance the ecological productivitytenimtat values of wetlands

« Stem and reverse the decline of estuarine plastsahd wildlife and the habitats on
which they depend; and

« Ensure the survival and recovery of listed and watd threatened and endangered
species, as well as special status species.

After an information-sharing meeting with local exts to discuss the project and learn
about climate change impacts and adaptation wottkamegion, salt marshes and mudflats were
selected as focal ecosystems for the study. Téyestems were identified as highly relevant to
SFEP’s management goals due to their ecologicalyatovity, their habitat values for threatened
and endangered species, and their sensitivitydagds in climate-related variables such as sea
level rise and altered hydrology. For more dethifdormation on goal and ecosystem selection
processes, please see Appendix A.

The second step in the scoping process was théogevent of conceptual models to
understand the primary drivers and processes bireakhes and mudflats. The conceptual
models were used to explore the linkages amongkegystem processes within each
ecosystem, major stressors of concern, and clidraters causing altered or new stressor
interactions. The models were refined to a séivefor six key ecosystem processes that are
essential to the maintenance of salt marsh andlatigyfstems. Based on these general
conceptual models, two specific processes of conwere selected for further analysis. The
purpose was to select good processes for pilotiagrtethod, but the choice does not imply that
these are necessarily the only important, or thetmalnerable, processes. The processes were
selected based on the criteria of being identifigdbcal experts as integral to ecosystem
function, increasingly sensitive to climate charayg] sufficiently well-studied by the scientific
community to provide the basis for a more in-deggbessment.
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The two processes selected for further analysig wediment retention in salt marshes
and community interactions in mudflats (see ExeeuB8ummary Figure ES-1). Sediment
retention refers to the balance between the presaefsemoval and deposition of sediment onto
a salt marsh. The topic of community interactionswudflats was narrowed to a tractable
“storyline” involving several interdependent speacighich was selected based on interviews
with local experts who were asked to identify clieraensitive interactions of interest. The
storyline selected was the relationship of two gseof mudflat wading birds, the Marbled
Godwit and the Western Sandpiper, to their predadad prey. Expanded sub-models were
developed for each of the two processes and sawéte basis for designing the sensitivity
analyses of the subsequent assessment. For nmtared@formation on process selection and
conceptual model development, please see Appendix A

The remaining steps of the assessment — the saysdinalysis, vulnerability assessment,
and analysis of management implications — wereraptished through an expert elicitation-
style workshop, the results of which make up the @b this report. Expert elicitation is a multi-
disciplinary process using expert judgment to infatecision-making when empirical data are
incomplete, uncertainties are large, more thancomeeptual model can explain available data,
and technical judgments are required to assesmasems. During a two day workshop, a
novel application of the expert elicitation methweas tested using two groups of seven expert
participants each. A list of the expert particifzaior each breakout group is provided in Table
1-1 (for additional information on selection criteand participant credentials, please see
Appendix B). The participants assessed the seitigf of salt marsh sediment retention and
mudflat community interactions to climate- and radmate stressor interactions, with an eye
toward informing adaptation. The methodology agslits of this expert elicitation exercise are
described in the sections that follow.

Table 1-1. Breakout group participants for the exrt elicitation workshop
(see Appendix B for further details on selection ¢teria and credentials)

1.3. ROADMAP FOR THE REPORT

This report presents a summary of the entire ptojecluding goal selection and
conceptual modeling, the expert elicitation methlogy, the results of the workshop, and
implications for management. Figure 1-1 providd®w chart of the assessment process and
report structure.

Figure 1-1. Vulnerability assessment process.

Section 2 describes the expert elicitation exeramsztuding the approach, the exercise,
and the results. Section 3 provides an analydiseofesults with respect to how they may be
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used by estuary managers to understand ecosystponses to climate change and engage in
adaptation planning. Section 4 provides key caichs of the assessment. The appendices
provide additional detailed information on the waitiés conducted prior to and following the
workshop. Appendix A summarizes the goal selectioth conceptual modeling processes used
for scoping the vulnerability assessment. Appemprovides details on the expert elicitation
pre-workshop preparations and post-workshop follpyincluding expert selection criteria, pre-
workshop preparations by participants, and exgediback. Appendix C and Appendix D
contain detailed information that was providedhe participants on the development of climate
scenarios and the methodology for estimating cenfe.
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2. EXPERT ELICITATION EXERCISE

2.1. JUSTIFICATION FOR METHOD
2.1.1. Definition and Uses

Expert elicitation is a multi-disciplinary process obtaining the judgments of experts to
characterize uncertainty and fill data gaps whexéitional scientific research is not feasible or
adequate data are not yet available. The goatpreelicitation is to characterize each expert’s
beliefs about relationships, quantities, eventpasameters of interest. The expert elicitation
process uses expert knowledge, synthesized witbrixes and judgments, to produce
conclusions about the nature of, and confidencthat,knowledge. Experts derive judgments
from the available body of evidence, including @evrange of data and information ranging
from direct empirical evidence to theoretical irfgiy

Because EPA and other federal regulatory agenogesféen required to make important
national decisions in the presence of uncertalBBA’s Science Policy Council formed an
Expert Elicitation Task Force in April of 2005 taviestigate how to conduct and use this method
to support EPA regulatory and non-regulatory aredyand decision-making. The result was an
Expert Elicitation Task Force White Paper thatraffi the utility of using expert elicitation and
provides recommendations for expert elicitationstiqgractices” based on a review of the
literature and actual experience within EPA. Thaftdoaper (see
http://www.epa.gov/spc/expertelicitation/index.htisicurrently under external peer review
through EPA’s Science Advisory Board. The besticas outlined in the draft White Paper
formed the basis for the design of this projecxpeet elicitation-style workshop.

2.1.2. Novel Application

The specific elicitation exercise used in this asseent was custom-designed by Dr. Max
Henrion of Lumina Decision Systems, Inc. Dr. Henris a nationally-recognized authority on
decision analysis methods and tools, dealing wiitettainty in environmental risk assessment,
and expert elicitation. As a member of EPA’s Exjidicitation Task Force, he was uniquely
gualified to assist in designing a novel applicatod expert elicitation methods for use in a two-
day workshop format. Specifically, Dr. Henrion é®ped a qualitative coding scheme for
expert judgments about the sensitivity of ecosygtemeesses to physical and ecological
variables, using “influence diagrams” to depict tekationships among ecosystem process
variables and external drivers such as climate ghai his new methodology, described in
detail below, explores the utility of expert elatibn for conducting “rapid vulnerability
assessments” for ecological systems.
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2.2. WORKSHOP DESIGN AND METHODOLOGY
2.2.1. Workshop Goals and Objectives

The overarching goals of the workshop were tomigrove the understanding of the
sensitivity of selected salt marsh sediment redendind mudflat community interactions
processes to the projected impacts of climate ara2igmprove the ability to identify
adaptation strategies that mitigate those impgoten the uncertainties; and 3) demonstrate the
applicability of an expert elicitation approachttds type of analysis.

The workshop was held March 16-17, 2010, in Sandtsao, California, at the BCDC
offices. During the workshop, experts were divid&d two breakout groups to consider each
ecosystem process separately. The seven partisipaeach breakout group (see Table 1-1)
were asked to provide judgments about the ecosysteoess under consideration by their
group. For each ecosystem process, the specjgctoles were to: 1) characterize the relative
influences of physical and ecological variableg tegulate the process; 2) assess the relative
sensitivity of the ecosystem process to key stressader current conditions and future climate
scenarios; 3) assess the degree of confidencegmjents about these relationships; and 4) relate
the results of the exercise to adaptation plantiingugh group discussions. Given the range of
habitats and issues in the entire San FrancisccaBsgy the participants were asked to consider
the North Bay (San Pablo Bay) when a more spesjfatial scope would be useful during the
workshop exercise. In addition, an example sittaéNorth Bay, China Camp, was presented as
a particular place upon which to focus when congigemanagement implications; however,
issues and options that were not specific to Cliaap were also considered during group
discussions.

For further details on workshop preparation andl@mentation, including selection
criteria for participants, please see Appendix B.

2.2.2. Approach and Methodology

According to protocols put forth in EPA’s Experidilation Task Force White Paper,
there are a variety of options for gathering aratpssing expert judgments. The specific
elicitation approach used in this workshop wastbiaé asked experts to give their individual
judgments independently. This was done to redoedendency towards “group-think,” i.e., the
tendency for many people to go along with the mosal participant, even if s/he is not the
most knowledgeable. Since participants variedhairtexpertise about different aspects of the
system, they were encouraged to make adjustmettieitgudgments at any time based on any
deeper understanding gained during or after grasgudsions; however, consensus weatsthe
goal of the exercise. Rather, the aim was to ltake expert judgments in aggregate, while also
retaining information on variance in judgments.isldpproach is well-suited to the type of
gualitative judgments participants were asked t&evad the workshop.
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2.2.2.1. Influence Diagrams

Each breakout group participated in the developrogah influence diagram of the
ecosystem process under consideration by theipgr@ecision analysts use influence diagrams
as a way to define the qualitative structure ofsehvelationships among variables that experts
believe are of greatest importance for understanttia problem being evaluated. Influence
diagrams typically represent a subset of a lamgere detailed model such as the conceptual
models developed previously (see Appendix A).

A simplified influence diagram for sediment retentis provided in Figure 2-1. By
convention, the variables in an influence diagraerapresented by rectangles (labeled boxes)
while arrows between the variables represent caakdlonships, or “influences”. Sequences of
arrows form pathways, all of which ultimately letacthe final variable, or endpoint, of concern.
In Figure 2-1, the endpoint that is being evaluasesediment retention. Interactive effects of
multiple variables on each other, or on the endpaen occur where two “causal” variables both
influence (have arrows into) a common “responseialde. In Figure 2-1, an example
interaction is indicated by arrows B and C, wheservoir management and impervious cover
together could have an interactive effect on freslewinflow.

In the case of community interactions, the diagveas constrained to a tractable number
of species of interest. It focused on the relatom of two species of mudflat wading birds, the
medium-bodied Marbled Godwit and the small-bodiegls®®rn Sandpiper, to their predators and
prey. Please see Appendix A for a more detailgudlaeation of this storyline.

Figure 2-1. Simplified influence diagram for sedinent retention.

While influence diagrams are widely used and reddyi well-understood, our proposed
use of qualitative degrees of influence is an irmt@n in expert elicitation. Typically, an expert
elicitation seeks to obtain expert judgments albmgertain quantities in the form of numerical
probability distributions. For the ecosystem pssas considered during this workshop, there
were information, data and time limitations thatdeguantifying the influences as probability
distributions unrealistic. Instead, judgments waseed on qualitative types (is the relationship
direct, or inverse?) and degrees (is the respanad,or large?) of influences. The use of
qualitative degrees of influence provides much na@tail than simply specifying causal
influences with arrows alone, but less specifithitgn required for quantified probabilities.

Participants were provided with “straw man” diageafeee Appendix B) prior to the
workshop. They were asked to review these diageamdssubmit their own revised versions the
week before the workshop. Diagram submissions wengbined into one consolidated draft
diagram for each group that served as the stapig for discussion at the workshop. The

workshop itself began with each group working tbgeto refine their diagram into a “group
This document is a draft for review purposes only and does not constitute Agency policy.
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diagram”. The group influence diagram was meauuligtll the system to a tractable set of key
variables and influences, and as such it was mapecehensive. The groups were given
complete freedom to alter any part of the diagnaith the exception of the ecosystem process
endpoint, as long as they constrained the diagoaartdtal of no more than 15 boxes. At the
same time, participants were reminded to keep sufrtiee top row stressor or management
boxes, since these would serve as key linkagestbatlanagement options. Participants were
also encouraged to minimize the total number ajvesrin the diagram to include only the most
key influences. The purpose was to capture theckayonents and relationships of each
ecosystem process in a concise form that coul@ely assessed in a workshop setting. Once
the group diagrams were finalized, all of the ggrants made their judgments using the same
diagram throughout the remainder of the workshop.

2.2.2.2. Climate Scenarios

Dr. Katharine Hayhoe of Texas Tech University, apegienced climate scientist with an
extensive background in regional climate assessndaveloped two climate change scenarios
for use in the expert elicitation exercise. Thensrios represented two distinct but scientifically
credible climate futures for a mid-century (2035%2ptime period. (The mid-century time
frame was selected by the SFEP partners becaiutsesaitability for adaptation planning.) The
projections were based on six leading climate ngdeding a lower emissions scenario (Climate
Scenario A) and a mid-high emissions scenario (&nscenario B) to generate values for
climate variables for use by the experts in makiver judgments (see Table 2-1).

Table 2-1. Summary of Climate Scenario A (“Lower-Ringe” Scenario) and
Climate Scenario B (“Higher-Range” Scenario): averges for mid-century

Under both climate change scenarios, Californianethin its Mediterranean climate
(cool/wet winters and hot/dry summers) and contitauexperience a high degree of variability
in precipitation with rising sea levels. By midatery, the “higher-range” Climate Scenario B
(which includes higher emissions and a more sersiimate) is projected to experience a
warmer and somewhat drier climate compared to ltheer-range” Climate Scenario A (with
lower emissions and a lesser impact on Califorrshisate).

At the workshop, Dr. Hayhoe provided the particiigamith an overview of major
climate drivers and regional trends for CaliforniBhe discussed five main sources of
uncertainty with climate projections, including) the amount of future emissions; (2) the
degree to which the influence of global climaterdion local climate is modified by local
factors; (3) the sensitivity of the climate systém feedbacks are not well understood); (4) the
ability of climate models to simulate climate bglbbally and locally; and (5) the natural
variability of the climate system. Because of thiztors, exact predictions of climate change
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are not possible. However, uncertainty can betdati by using multiple scenarios to bracket a
range of plausible climate futures and identify keynerabilities in the system. In order to
consistently “bound” the consideration of futurgrate changes in the workshop exercise, the
participants were instructed to use the valuesigealvunder Climate Scenarios A and B (Table
2-1) to contextualize their judgments about futeffects on the ecosystem processes under
consideration. For additional details on the ctengcenarios, including data sources, please see
Appendix C.

2.2.2.3. Expert Facilitation

Due to the highly technical nature of the exerdise,complexity of the novel
methodology that was being used, and the ambitimesline for accomplishing multiple
outputs, it was essential that the workshop bebguskilled expert facilitators. These were
chosen based on a number of criteria includingvgmaexpertise in facilitating science-based
workshops; general knowledge of science behindhegtimanagement (particularly wetlands
ecology); and experience working on national cdassaes and/or issues in the San Francisco
Bay region. The expert facilitators selected werePeter Schultz, Principal at ICF
International, and Dr. Brock Bernstein, independmmtsultant and President of the National
Fisheries Conservation Center. Dr. Schultz (whweskas facilitator for the Sediment Retention
group) has served as the Director and Associateciair of the U.S. Global Change Research
Program Office, and has two decades of experianckmate and global change research,
management, decision support, and communicatianB&nstein (who served as facilitator for
the Community Interactions group) is a marine egiskowith research experience in a range of
coastal and oceanic environments, including Sandiseo Bay, and has worked on a wide
variety of management and policy issues.

Prior to the workshop, both facilitators attendening calls in which they were fully
briefed on the project background and conceptualeatsp the workshop goals and objectives,
and the expert elicitation exercise. Working tbgetand with the SFEP/BCDC/EPA team, the
facilitators contributed to the refinement of therkshop agenda and improvements to the
workshop process.

2.2.2.4. Coding Scheme and Exercise

Participants were asked to characterize each mgien their influence diagram
according to the coding scheme presented in TaBleaRd to indicate their confidence in their
judgments using the confidence rankings descriledalb(see next section). Influences were
characterized first under current conditions, drehtunder Climate Scenario A and Climate
Scenario B. The extent to which participants agiieeheir judgments was variable across the
different influences. The rule that was adoptedifetermining agreement for each influence
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was that a majority (4 or more participants) hatldee selected the same code. Majority
agreement among four or more participants was densil to indicate substantial agreement
across the group.

Table 2-2. Coding scheme used during the workshagxercise to characterize
influences “Small” and “large” changes in variables are definal relative to
the current range of variation for each variable, wth “small” indicating that
the variable is within its current range of variation and “large” indicating

that the variable has moved outside its current rage of variation

Participants were also asked to characterize ictigeainfluences of their choosing (i.e.,
those they deemed important), under current carditand under the climate change scenarios,
according to the coding scheme presented in TaBle Rince participants were given the option
to choose which interactive influences they congdesignificant and to provide judgments only
for those influences, and were limited by timeyéheere often interactions where only one or
two participants provided judgments. Only intei@t$ scored by three or more participants
were examined in order to focus on interactiong@aby several participants to be significant.
Three or more corresponding judgments were usddfioe agreement for interactive
influences.

Table 2-3. Coding scheme used during the workshopxercise to characterize
interactive influences

Finally, the participants were asked to assess theient level of scientific confidence in
their judgments for each influence or interactivtuence using the confidence coding scheme
presented in Table 2-4. For each influence, eacicppant was asked to rate his/her confidence
in their judgment based on: (1) the amount of sdierevidence that is available in the expert
community to support the judgment; and (2) the llef@greement/consensus in the expert
community regarding the different lines of evidetizat would support the judgment. The
coding options for “amount of evidence” were higf) or low (L), based on whether available
information is abundant and well-studied and uridex$ versus sparse and mostly
experimental/theoretical. The coding options iexél of agreement” were high (H) or low (L),
based on whether data, reports, and experiencesattre scientific community reflect a high or
low level of agreement about the influence. Thuwsgas possible to have four combinations of
evidence and agreement when assessing confiderédlH LH, and LL. The rule for
determining agreement in confidence was the samdessibed above for influences: agreement
was defined as a majority (four or more) of the sa@tegorization of confidence level.

Similarly using the same rule as above for inteévaanfluences, agreement on confidence for
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interactive influences was defined as three or mbthe same categorization of confidence. For
additional details on the method used to assed&leoe, please see Appendix D.

Table 2-4. Coding scheme used during the workshaxercise to characterize
confidence

2.2.2.5. Typologies for Understanding Influences and Sensities
Type and degree of influence

The group’s level of understanding of the differgfluences (arrows) in the influence
diagram can be gauged by the amount of agreemeuatriicipants’ selection of influence codes.
Sometimes participants agreed on the type of inflagbut not necessarily the degree (strength)
of the influence. Codes 2-13 (Table 2-2) repreddfdgrent combinations of types and degrees
of influences that can be grouped according tddahewing typology:

Types
Direct relationship = Codes 2, 3, 6, 8, 11, 13

Inverse relationship = Codes 4, 5, 7, 9, 10, 12
Degrees

Proportional response of Y to X = Codes 2- 5
Disproportional response of Y to X = Codes 6-13

Codes can also be paired according to the sameatygpeegree of influence, with the
only distinction being whether one is consideriiXg to be increasing or decreasing. For
example 2/3 is a direct proportional influence hwétindicating when “X” increases, and 3
indicating when “X” decreases, but in both case%iSYresponding in a directly proportional
way. Six combinations of pairings are possible:

Pairings by type and degree of influence (where €& go up or down)
Direct proportional = 2/3

Inverse proportional = 4/5

Direct disproportional, strong response (xY) = 6/11

Direct disproportional, weak response (Xy) = 8/13

Inverse disproportional, strong response (xY) 7/1

Inverse disproportional, weak response (Xy) = 9/12

In some cases, participants selected the same &@et indicating that they had the
same understanding of the influence in terms df Igie and degree. Or, sometimes
participants chose pairings such as 2/3 while tt@ieagues may only have noted a 2 or a 3; we
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consider these cases to also indicate a correspoade understanding of type and degree of
influence, since the only distinction was whethgagicipant was thinking of “X” as going up
or down (or both).

In another group of cases, there was agreemeihtectype of influence (i.e., whether X
affects Y directly or inversely), although theresntack of agreement on the degree of that
influence. These latter cases amount to an uradwelstg of how X affects Y, just not the
magnitude. It may still be useful for managemerkriow for which influences we at least have
some understanding of the type of response, ewge dre not sure of the magnitude.

Finally, there were cases in which there was sutixéure of codes selected as to
indicate no agreement in either type or degreafafence. This indicated that, among this
group of experts, the influence was poorly undedtor poorly defined.

Sensitivity

It is also possible to establish a typology foregsing the sensitivity of each influence
(i.e., how sensitive variable Y is to changes ine§pecially with regard to how those may
change under the climate scenarios. Several cadesmdicate the same level of sensitivity, so
the following groupings were used to indicate tHeaels of sensitivity:

Low sensitivity= Codes 8-9 & 12-13
Intermediate sensitivity Codes 2-5
High sensitivity= Codes 6-7 & 10-11

This typology was used to document all judgmert)awith the following additional
categories of judgments:

No Influence= Code 0

Unknown influence= Code 1

None given= No judgment provided

Other= Response provided that does not fit into thergpdcheme

2.2.2.6. Understanding Relative Impacts of Influences

While the coding scheme described above captueesature of individual influences, it
is also of interest to identify which influencesdanteractions the participants perceived to have
the greatest relative impact on the ecosystem psoeedpoint. Here we define relative impact
as the combination of not only sensitivity but atgw greatly the variable is changing relative to
other variables. There was no coding for thidymworkshop exercise; rather, this concept was
an emergent property of group discussions thatddal the influence diagram as a whole and
identified influences of greatest relative imparcthe context of the entire web of influences.

This document is a draft for review purposes only and does not constitute Agency policy.
2-8 DRAFT— DO NOT CITE OR QUOTE



© 00N O O A WDN P

e e el o
oM WN RO

NPNNNNRPRPER R
AP OWONPFPOOONO

WNDNNDNN
O ©oo~NO O

Wwwww
a b wNPE

A D W W W W
R O © 00 N O

During group discussions that spanned both datiseofvorkshop, information was gleaned as to
which influences participants perceived to have paratively greater effects on the ecosystem
process endpoints, and whether this varied unaeclimate scenarios. These discussions were
captured in the workshop notes as well as in thedance diagrams, in which the participants
identified influences and interactions of highesative impact (see sections 2.3.1.4 and 2.3.2.4).

2.2.2.7. Key Questions

As described above, there are three categoriegaimation that together comprise the
collective understanding of each ecosystem proagsspresented by its influence diagram: 1)
the type and degree of influence between variaBlethe sensitivity of “response” variables to
changes in “affecting” variables, and 3) the reaimpact of each variable on the ecosystem
process endpoint. For each of the three categofiedormation, the following key questions
are addressed.

Types and Degrees of Influences

« For which influences and interactions was there@gient in participants’ judgments
(codes), and what were those codes?

« How did agreement on influences and interactiomg fram current conditions to
Climate Scenario A and Climate Scenario B?

« For influences and interactions for which there wgieement in judgments, how did
confidence levels across the participants vary?thiglchange under the climate
scenarios?

Sensitivity of Influences

« For which influences and interactions was theratgist sensitivity and least
sensitivity in the response variable to changdkert‘affecting” variable?

« Were there any influences or interactions whereagent on sensitivity across
participants increased or decreased under the telist@narios?

Relative Impact of Influences

« Which influences and interactions did the partinigandicate have the greatest
relative impact on the ecosystem process endpoints?

« Were there any influences or interactions for whiglative impact changed under the
climate scenarios?

Using the data from the coding exercise as welhi@smation that emerged during group
discussions, these questions are explored in Hudtsesections that follow.

2.3. RESULTS
Major outputs of the expert elicitation exerciselirded the group influence diagrams,
the judgments on influences (including interactiviuences) along with their confidence
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estimates, information on sensitivities (includthgesholds), and characterizations of relative
impacts. For the purpose of this study, a thriesisadefined (as per Groffman et al., 2006) as a
point at which there is an abrupt change in anystem property (such as a flip in influence
type from direct to inverse), or where a small &ddal change in a driver produces a large
response (such as a shift from a proportionatedisf@oportionately strong response of variable
Y to a change in variable X).

2.3.1. Sediment Retention
2.3.1.1. Group Influence Diagram

Figure 2-2 shows the group diagram developed by#wment Retention group.
Variable definitions that were clarified by the fa@pants during the construction of the diagram
are found in Table 2-5. Two main variables, Nehé&tal Accumulation and Net Organic
Accumulation, influence the endpoint of the balabhetveen Net Accretion and Erosion.
Organic and inorganic sediment accumulation prasease both influenced by Inundation
Regime, which is influenced by Relative Sea Level @ides. There is a feedback loop from the
endpoint to Inundation Regime. The middle levahia diagram includes Tides, Relative Sea
Level, Freshwater Inflow, Sediment Flux, Sedimeze&nd Wind and Waves. Freshwater
Inflow and Inundation Regime are key factors inflaeg Net Organic Accumulation through
plant community composition and production. Of th@nagement and stressor variables, three
are related to Water Resource Management: Deltho@utReservoir Management and
Channelization. These influence a combinationexfi®@ent Flux and Size and Freshwater
Inflow.

Figure 2-2. Sediment Retention group influence dgram.

Table 2-5. Sediment Retention variable definitionslarified during group
discussion

The 15-box constraint meant that the freshwatersaddnent supply variables were not
split between Delta and tributary sources, evenghanuch of the discussion on the diagram
highlighted the differences in those sources. Witlsgparate variables differentiating between
local tributary and Delta freshwater inflow, De@aitflow and Freshwater Inflow could be
considered to effectively act as a single variablee fourth stressor variable is a Land Use and
Land Cover Change variable: Impervious Cover.
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2.3.1.2. Influence Types and Degrees
Agreement

The influences upon which participants agreed vatpect to type and degree help to
establish the nature of those relationships anidabel which are best understood. Table 2-6
presents these results for the Sediment Retentaipg

Table 2-6. Sediment Retention group influence judgents; columns A-Z
represent individual influences (arrows) in the infuence diagram and rows
represent individual respondents: dark green = agrement on influence type
and degree, light green = agreement on type but ndegree, gray = no
agreement; within columns, green numbers = same (rjaity) grouping of
type (though degree may be different), pink numbers: disagreement about
type, red outline = threshold response

In some cases, participants gave multiple codearfarrow. When the multiple codes
represented one of the pairing types describedebosection 2.2.2.5 (e.g., 2/3), both codes are
shown, separated by a “/”.

If multiple codes that do not fall into a pairingke given, both codes are shown,
separated by a symbol indicating the nature ottmbination. In the first type of combination,
multiple codes with “X” going in the same directi@ng., X is increasing in both codes) are
separated by a “*” symbol; and where these codeffictoand would make a difference in
determining agreement, those cells were not countedcases where a reason was given for
multiple codes (such as when boxes had “lumpingbjams and participants specified different
codes for different variables within the box), thiea code that logically corresponded best to
other participants’ codes (based on the notes aokama other inferences) was used.

In the second type of combination, codes with “Xing in different directions (e.g., X is
increasing in one code and decreasing in the o#lneryeparated by a “|”. Since the response to
X can indeed be different depending on whether Mdseasing or decreasing, these cells do not
represent a conflict but rather the opportunitgdasider agreement in both the “X-up” and “X-
down” direction. In these cases it was possibleaioe agreement in one direction but not the
other.

The columns in Table 2-6 represent individual ieflaes (arrows) in the group influence
diagram, and rows represent individual respondelDdegk green shaded columns indicate
agreement on both type and degree of influenclet §geen shaded columns indicate agreement
on type but not degree; gray shaded columns ir@imatagreement. Within columns, numbers
in green are those that fall into the same (majpgtouping in terms of type of influence (even
though degree is different), while codes in pindlicate disagreement about type. Columns
outlined in red indicate threshold influences whibere was either: 1) a change in type of
influence in the climate scenarios compared toeturconditions (e.g., from a direct to an
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inverse relationship), 2) a change in sensitivity(, a change from a proportional to
disproportional response, or 3) an indication bytiple participants in their notes or in the
group discussions that the influence was likellgraghold relationship of type 1 or 2 above (but
for which they did not know in which scenario thisuld occur). In these cases the type and/or
degree of influence for the relationship would depen a threshold, the exact location of which
may be uncertain.

Under current conditions, there were 16 influerfoesvhich there was agreement on
both type and degree of influence. There werersefuences for which there was agreement
on type but not degree. There was no agreemettiriee influences. Relative to the rest of the
diagram, the influences from the top row variablesich represent management options, have
less agreement.

Under Climate Scenario A, there were 17 influerfoesvhich there was agreement on
both type and degree, which includes all of theesarfluences as under current conditions plus
one additional influence, the feedback from thepemat to Inundation Regime. There were five
relationships for which there was agreement on bygenot degree and four relationships had no
agreement. The influences for which there wasgmeeanent include two of the same ones as
current and two for which there previously was agrent on type but not degree.

Under Climate Scenario B, there were 15 influerioesvhich there was agreement on
both type and degree. There were six relationdbipahich there was agreement on type but
not degree and five relationships had no agreenidost of the changes in Climate Scenario B
are influences losing agreement on degree or traé$a&d already changed in Climate Scenario
A. Inundation Regime to Wind/Waves settled intoeagnent on direct disproportional, strong
response.

Thresholds

Relationship N (Relative Sea Level on InundatiogiRe) and relationship Z (Wind/
Waves on Sediment Flux) were identified to be thoés relationships under the climate
scenarios. The threshold of relationship N istegldo the marsh response to sea level rise, and
is tied to the rate of sea level rise. At the pairthe inundation regime where the marsh is no
longer able to keep up with sea level rise, thesmatevation will drop, thereafter experiencing a
different inundation regime. The threshold of tielaship Z occurs where wind-driven waves
change from a source of sediment, adding to néiceéaccretion, to a net negative impact
through erosion of the marsh edge. This occurause; as water depth increases due to sea
level rise, the effect of wave energy on re-susipensf bottom sediment will decrease while its
effect on marsh edge erosion will increase. Imlmftthese cases the type or sensitivity of the
influence did not change across the scenarioscfdimduence with intermediate sensitivity for
both), but the influences were indicated by pgyaats to be important threshold relationships
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through the discussion. One possible reason wésetthresholds identified in the discussion did
not show up in the coding as changes in sensitivibecause participants did not know where
the threshold would occur, so they did not wardttach that estimate to a particular climate
scenario. Alternatively, it may be that there thi@shold that represents a state change that fall
within the range of natural variability, so thistimed was not sensitive enough to identify the
threshold. Relative sea level and wind and wave$ath closely tied to climate drivers, making
relationships driven by them sensitive to climdiarge.

2.3.1.3. Influence Sensitivity

Figure 2-3 shows the sensitivity results usingitifileence diagram, indicating where
there is agreement under current conditions. ypelogy described in Section 2.2.2.5 was used
to code sensitivity, with an additional differeniie within the “no agreement” category. In all
“no agreement” cases, there was a mixture of ctata@atermediate sensitivity along with low
and/or high sensitivity; if at least four participga provided judgments, and there were more high
sensitivity judgments than low sensitivity judgmerhen the dashed arrow was colored orange
to indicate intermediate-to-high sensitivity. Undarrent conditions, 19 influences for which
there was agreement were categorized as interreesBasitivity. Three influences were
categorized as low sensitivity, two of which origie from the variable Channelization. There
were no instances of agreement on influences vigih $ensitivity. There was no agreement on
sensitivity for four influences.

Figure 2-3. Sediment Retention group summary inflance diagram of
sensitivities under current conditions.

Figure 2-4 compares the sensitivities as in FiQ4Be across the three scenarios. There
were no influences for which the sensitivity catggchanged between scenarios; the only
changes were between no agreement and a typesifigien Under Climate Scenario A, all of
the same influences as those under current conditi@re again categorized as intermediate
sensitivity, with the exception of both Freshwdtdlow and Inundation Regime on Net Organic
Accumulation, for which there no longer was agreeimélowever, Inundation Regime on Net
Organic Accumulation showed a trend toward incregasensitivity (orange arrow), as did
Inundation Regime on Wind/Waves. The same thriégeinces as under current conditions were
categorized as low sensitivity for both Climate r&@ A and Climate Scenario B.

Figure 2-4. Sediment Retention group summary inflance diagrams of

sensitivities: variance across current conditionsrad two climate scenarios.
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1 Under Climate Scenario B, one influence which prasly had no agreement (but did
2 show an orange trend), Inundation Regime to Wind#&¥aincreased in agreement, which
3 resulted in a categorization of high sensitivilyhree additional intermediate sensitivity
4  influences dropped below the standard of agreenvéimd/Waves on Sediment Size, Sediment
5 Size on Net Mineral Accumulation and the feedbaokifNet Erosion/Accretion on Inundation
6 Regime, such that the number of influences witlagieement on sensitivity increased to eight.
7  The disagreement shows a trend of some particigatiteating increasing sensitivity, with
8 several of the influences characterized as a mintefmediate and high sensitivity (orange
9 arrows) where there had once been agreement amedéte sensitivity.
10 One reason for lack of agreement on changes intsggsacross scenarios, as well as
11 lack of agreement within scenarios, may have beemlégree of variability among participants
12 intheir judgements. Overall, there was more \mlitg among participants than across
13 scenarios for any given participant. There wer@aiberns across participants, such as
14  characterizing only increasing sensitivity. Furtbescription, as well as figures depicting
15 variability in judgments across participants, carfcund in Appendix B.
16
17 2.3.1.4. Relative Impact
18 Figure 2-5Figures 2-5 and 2-6 present the chatiaatems of relative impact between
19 current and future climate scenarios (the grougsussion did not differentiate between the two
20 future climate scenarios). Six influences weranidied as having high relative impact under
21 current conditions. None of these are connectédgananagement options level within the
22 diagram. We have assumed that these same relapsrare still of high impact under the
23 climate scenarios unless otherwise noted in themdiscussion on climate change impacts. The
24  influences of Net Organic Accumulation on Net EoogAccretion and of Wind/Waves on
25 Sediment Flux were identified as having increasmpgacts under the climate scenarios. Two
26 new influences, both on Freshwater Inflow and drilsg variables in the management options
27 level, were identified as having high relative iropander the climate scenarios: Reservoir
28 Management and Channelization.
29
30 Figure 2-5. Sediment Retention influences indicateas having highre/ative
31 /mpactunder current conditions.
32
33 Figure 2-6. Sediment Retention group influences dicated as having high
34 relative impactunder climate scenarios.
35
36 2.3.1.5. Confidence
37 The confidence results shown in Table 2-7 are plexvifor the Sediment Retention

38 influences for which there was agreement on tyfiee lack of agreement on confidence for
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almost half of the judgments is a significant dapiting our ability to prioritize around
confidence judgments. Eight of the 11 influenagsihich there was agreement on confidence
across all three scenarios were scored as higlemsgdand high agreement (HH). The
influences of Reservoir Management on Sediment &hukSediment Size, which were both
categorized as HH under current conditions, shadestining confidence under the climate
scenarios, with scores of low evidence/high agregrfidd) under Climate Scenarios A and B.
Relative Sea Level on Tides, scored as HH undeertconditions, also showed declining
confidence under the climate scenarios, with aessobtow evidence/low agreement (LL) under
Climate Scenario A and Climate Scenario B.

Table 2-7. Sediment Retention group confidence fanfluences with
agreement: NA = No agreement; HH = High evidence, igh agreement; HL
= High evidence, Low agreement; LH = Low evidencé]igh agreement; LL =
Low evidence, Low agreement

The confidence results shown in Figure 2-7 totgualgments across all participants.
The total number of HH and HL judgments decreasebbuthe climate scenarios compared to
current conditions, and the total number of LH &hdudgments increased under the climate
scenarios compared to current conditions. Theedserin the total number of HH judgments
from current conditions to the climate scenariod tre corresponding increase in the total
number of LL judgments show that influences ars iesll-understood, probably due to less
information being available about future climatadibions.

Figure 2-7. Sediment Retention group confidence selts for all influences;
HH = High evidence, High agreement; HL = High evidece, Low agreement;
LH = Low evidence, High agreement; LL = Low evidene, Low agreement.

2.3.1.6. Interacting Influences

Table 2-8 presents the interactive influences upbich there was agreement for the
Sediment Retention group. The interactive infleeaclumns indicate the type of interactive
influence and associated number of participantsdase that particular interactive influence
type. The confidence columns indicate the conftgdgndgment and associated number of
participants that chose that particular confidesmmre.

Table 2-8. Sediment Retention group interactive iftuences with agreement
under current conditions and Climate Scenarios A ad B: NA = No
agreement; HH = High evidence, High agreement; HL High evidence, Low
agreement; LH = Low evidence, High agreement; LL +.ow evidence, Low
agreement; () = Number of respondents
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Under current conditions, there were five intergeinfluences for which there was
agreement among participants in the Sediment Retegtoup. For each of these interactive
influences, Synergy was the type of influence chosgmong these, there is a cluster of
multiple interactions between Inundation Regimaji®@ent Flux and Sediment Size on Net
Mineral Accumulation. The other two interactindlirences identified act on Inundation
Regime and Sediment Flux, so they are highly iotenected. There was only agreement on the
confidence for two of these interactive influendaesth of which were scored as high evidence
and high agreement (HH).

Under both Climate Scenario A and Climate ScenByithere was agreement on three of
the previous five synergistic interactive influeaceith synergy again chosen as the type of
interactive influence. Again the same clusteméiiences on Net Mineral Accumulation was
identified. There was no agreement on confidencéhiese interactive influences under either of
the future climate scenarios.

This lack of agreement on interacting influences wamarily due to not having many
influences with enough participants characterizimgsame interacting influences. Of the 48
combinations of influences with interactions chéeezed by participants, only 10 could be
considered for agreement with at least three ppatnts making a judgment; half of those had
three participants in agreement.

2.3.2. Community Interactions
2.3.2.1. Group Influence Diagram

Figure 2-8 shows the group diagram developed b¥ttramunity Interactions group.
Variable definitions that were developed by theipgrants during the construction of the
diagram are found in Table 2-9. Figure 2-8 showgyh degree of interconnectivity between
variables, especially among those directly influeg¢he endpoint. These variables are Extent
of Mudflat (and, therefore, extent of feeding hat)itPredators and Disturbance, Bed Sediment
Characteristics and Quality, Shorebird Prey Comiyuanid Landscape Mosaic (i.e., where
mudflats sit relative to other foraging and roogtirabitats such as salt ponds). Many of the
variables encompass complex processes, which cemtame than one key variable. Defining a
metric specific to such broad variables, includivigether they are increasing or decreasing,
proved to be challenging. The possibility of diffey assumptions about definitions among
participants complicates interpretation of the ltssuThe variables indirectly affecting the
endpoint are primarily physical ones: Mudflat Battetry, Tides and Hydrodynamics, Sediment
Resuspension and Deposition, Wind/Waves, WateritQuateshwater Inflow and Sediment
Supply. The management and stressor variabldsraael categories: Water Management,
Restoration and Land Use Change.
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Figure 2-8. Community Interactions group influencediagram.

Table 2-9. Community Interactions variable definiions clarified during
group discussion

2.3.2.2. Influence Types and Degrees
Agreement

Table 2-10 presents the results for the Communigractions group. As in Table 2-6,
the columns in Table 2-10 represent individualuefices (arrows) in the group influence
diagram, and rows represent individual respondelDdegk green shaded columns indicate
agreement on both type and degree of influenclet geen shaded columns indicate agreement
on type but not degree; gray shaded columns ir@imatagreement. Within columns, numbers
in green are those that fall into the same (majpgtouping in terms of type of influence (even
though degree is different), while codes in pinlicate disagreement about type. For further
explanation of table details, see section 2.3.1.2.

Table 2-10. Community Interactions group influencgudgments; columns A-
KK represent individual influences (arrows) in theinfluence diagram and
rows represent individual respondents: dark green :agreement on influence
type and degree, light green = agreement on type boot degree, gray = no
agreement; within columns, green numbers = same (rjaity) grouping of
type (though degree may be different), pink numbers: disagreement about
type, red outline = threshold response

The participants agreed on the type and degre&laénce for a smaller fraction of the
total number of influences than the Sediment Retergroup did. Under current conditions,
there were 18 influences for which there was ages¢man both type and degree. These are
spread throughout the diagram, but it is of no&t there was agreement on type for all of
influences going into the endpoint and of thoserdtwas also agreement on degree for all but
Bed Sediment Characteristics and Quality. Theneiree influences where there was
agreement on type but not degree of influence.rdivas no agreement for 13 relationships.

Under Climate Scenario A, the number of influenfoesvhich there was agreement on
both type and degree dropped to 12; for thosectietged, they split between changing to
agreement on type but not degree and to no agreerba influence of Tides and
Hydrodynamics on Extent of Mudflat went from noegment to agreement on inverse
disproportional, strong response. There were rafaionships for which there was agreement
on type but not degree. There were 15 relatiosstupwhich there was no agreement.

Under Climate Scenario B, there were 11 influerioesvhich there was agreement on

both type and degree. There were nine relatiosdoipwhich there was agreement on type but
This document is a draft for review purposes only and does not constitute Agency policy.
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not degree. There were 16 relationships for whhehe was no agreement, which includes all of
the same influences under Climate Scenario A alatigthe influence of Mudflat Bathymetry
on Extent of Mudflat.

Agreement for the type and degree of influence reethconsistent across the scenarios
for eight relationships. Agreement on type butdegree of influence remained consistent
across the scenarios for three relationships. eltvere 11 relationships for which there was no
agreement on type or degree of influence acrossaearios.

The larger number of influences for which there wasgreement under all scenarios
leaves a gap which makes it difficult to understtredtype or degree of influence for these
relationships. This is partially due to a highecarrence of no response given for the
Community Interactions group. It is not possildalifferentiate between lack of response due to
insufficient time and disinclination to answer dodack of knowledge about the influence.

Thresholds

Four relationships were identified as thresholdtrehships under the climate scenarios,
based on the notes and discussions. These weshvater Inflow on Tides and
Hydrodynamics (Relationship K); Water Quality ono&bird Prey Community (Relationship
S); Bed Sediment Characteristics and Quality orréiad Prey Community (Relationship BB);
and Extent of Mudflat on Shorebirds (RelationshIp)D Relationship K was characterized as a
direct influence of uncertain degree; coding fogrée was a mixture of weak, proportional and
strong influences with a slight trend toward insiagly strong influences through time. Some
participants indicated that winter increases istiveater flow will be very important as mudflats
reach a threshold of becoming subtidal; this wdanddespecially true during high tides, where
flows could push a system above a threshold arateeelarge impact on inundation height.

Relationship S was characterized as direct prapuatiacross the three scenarios. The
water quality aspect emphasized by the participasis threshold was dissolved oxygen (DO).
They noted that small decreases in DO could hdaega negative effect on mudflat prey
populations as a threshold is reached.

Relationship BB was direct proportional under coti@nditions, but there was no
agreement on degree under the climate scenarins.p@rticipant indicated a change to a
disproportionately strong response through codigyother participants did not change their
coding or left some blank cells, such that thers m@amajority agreement on degree under the
climate scenarios. However, participants’ notekcated that as habitat becomes more limited,
even small areas of poor habitat will have lardeat$ on shorebirds. For this example as well
as the previous two threshold influences abovepé#ngcipants chose to indicate the thresholds
through notes (rather than through coding) becthesewere not sure when (i.e., under which
climate scenario) the threshold was most likelpeaeached.
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Relationship DD was unique in being the only thaddlinfluence that was identified
clearly through the coding exercise. Under curoemditions the relationship was considered
direct proportional. Under Climate Scenario A theras agreement that it was still a direct
relationship, but there was no agreement on ddggeause there was a mixture of proportionate
and disproportionately strong codes. Under Clinstenario B the conversion to agreement on
a direct disproportionately strong relationship wamplete. This reflects the opinion of the
participants that as access to foraging habitahodflats becomes limiting due to sea level rise
and other factors, the effect on shorebird poputetiwvill become more extreme.

2.3.2.3. Influence Sensitivity

Figure 2-9 shows the sensitivity results usingitiillence diagram, indicating where
there is agreement under current conditions. ypelogy described in Section 2.2.2.5 was used
to code sensitivity, with an additional differenite within the “no agreement” category. In all
“no agreement” cases, there was a mixture of ctata@atermediate sensitivity along with low
and/or high sensitivity; if at least four particifia provided judgments, and there were more high
sensitivity judgments than low sensitivity judgmerhen the dashed arrow was colored orange
to indicate intermediate-to-high sensitivity. Undarrent conditions, 19 influences for which
there was agreement were categorized as interreesiasitivity. Five influences were
categorized as high sensitivity: both the influent®estoration and of Land Use Change on
Landscape Mosaic, Landscape Mosaic on the end@widtboth the influence of Tides and
Hydrodynamics and of Mudflat Bathymetry on ExtehMudflat. There was no agreement on
sensitivity for 12 influences. There were no insks of agreement on influences with low
sensitivity.

Figure 2-9. Community Interactions group summary nfluence diagram of
sensitivities under current conditions.

Figure 2-10 compares the sensitivities as in Figu®e across the three scenarios. Under
Climate Scenario A, 10 influences for which thersvagreement were categorized as
intermediate sensitivity. Five influences wereegatrized as high sensitivity: four of the same as
under current conditions, with a change the infageof Land Use Change on Landscape Mosaic
to no agreement and new agreement for the influehBeedators and Disturbance on the
endpoint. The number of influences with no agreanmereased substantially to 21. Seven of
those are in disagreement because there is a canairof intermediate and high sensitivity
(orange arrows). This decrease in agreement teflettend of increasing sensitivity for some
participants, but not enough to shift to a newgaite. It could be indicative of either
disagreement about at what point such a shift woatdir or differing assumptions about what
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falls outside the current range of variability, ainiwas left up to each participant to decide based
on their own knowledge and intuition.

Figure 2-10. Community Interactions group summaryinfluence diagrams of
sensitivities: variance across current conditionsrad two climate scenarios.

Under Climate Scenario B, seven influences for Wiinere was agreement were
categorized as intermediate sensitivity. Six iaflces were categorized as high sensitivity, with
the addition of Extent of Mudflat on the endpoinhich had been intermediate under current
conditions. This is another way to identify a #ireld, when there is a change in sensitivity to a
more sensitive category. The number of influevedis no agreement increased again to 23;
however, for six of these the lack of agreement egesto a mixture of intermediate and high
sensitivity codes (orange arrows).

As with the Sediment Retention group, there wasenwariability in judgments among
participants than across scenarios for any giveticgzant. The majority of changes in
sensitivity across the climate scenarios are ak@msing sensitivity. Further description, as well
as figures depicting variability in judgments a&gsirticipants, can be found in Appendix B.

2.3.2.4. Relative Impact

Figure 2-11 and Figure 2-12 present the charaeti#iz of relative impact between
current and future climate scenarios (the grougssussion did not differentiate between the two
future climate scenarios). Relative impact wasirisiished among the influences by indicating
primary, secondary or tertiary levels of relatiogact. For the Community Interactions group,
the relative impacts of five influences were indéthas important under current conditions,
based on the discussion. The influences of Lamésbosaic and of Extent of Mudflat on the
endpoint were both identified as having primary atis. The influences of Predators and
Disturbance and of Shorebird Prey Community oretidpoint were identified as having
secondary impacts, and the influence of Bed Sedi@ibaracteristics and Quality on the
endpoint was identified as having tertiary impact.

Figure 2-11. Community Interactions influences inttated as having high
relative impactunder current conditions.

Figure 2-12. Community Interactions group influen@s indicated as having
high relative impactunder climate scenarios.

A total of 10 influences were indicated as havimghtrelative impact under climate
change conditions for the Community Interactioreugr (Figure 2-12). Three of the influences

indicated as having high relative impact underentrconditions increased in relative impact
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when considering future climate conditions: théuences of Landscape Mosaic, Predators and
Disturbance, and of Shorebird Prey Community, eacthe endpoint. The relative impact of
Extent of Mudflat on the endpoint stayed equallpariant. Five additional influences were
indicated as having high relative impact underdiveate change scenarios. In addition, the
influence of disease on the endpoint was identdig@n influence of emerging impact. Disease
was not an original key variable in the influencagdam, as variables were included based on
importance under current conditions. This inflleem@s not scored, but was considered to be
important by the participants. The influence otiEBediment Characteristics on the endpoint
was indicated as having high relative impact urnderent conditions but not under the climate
scenarios. It is unclear whether this was interati@r was just not covered in the discussion of
relative impact under future climate conditions.

2.3.2.5. Confidence

The confidence results shown in Table 2-11 areigealfor the Community Interactions
influences for which there was agreement on typiee lack of agreement on confidence for
two-thirds of the judgments is a major gap, lingtiour ability to prioritize around confidence
judgments. Five of the six influences that for efhthere was agreement on confidence across
all scenarios were scored as high evidence andaggrement (HH). The influence of
Freshwater Inflow on Net Organic Accumulation wegred as low evidence high agreement
(LH) across all scenarios. The HH type of confidemwas the most used type of judgment. The
dominant pattern on confidence across the climaaarios was a decrease in the number of
influences on which there was agreement.

Table 2-11. Community Interactions group confidene for influences with
agreement: NA = No agreement; HH = High evidence, igh agreement; HL
= High evidence, Low agreement; LH = Low evidence{igh agreement; LL =
Low evidence, Low agreement

The confidence results shown in Figure 2-13 tdtgudgments across all participants.
In total, confidence decreased from current coodgito the climate scenarios, with a decrease in
the total number of HH and an increase in LL. Hesvea larger increase was in the total
number of no answer given, and the decreases iartdLLH are difficult to explain in total.

Figure 2-13. Community Interactions group confideige results for all
influences; HH = High evidence, High agreement; Hl= High evidence, Low
agreement; LH = Low evidence, High agreement; LL +.ow evidence, Low
agreement.
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2.3.2.6. Interacting Influences

Under current conditions, there were no interaatkeiences for which there was
agreement among participants in the Community &atesns group. Likewise, under both
climate scenarios there were no interactive infbesnfor which there was agreement on the type
of interactive influence. This lack of agreememtsvprimarily due to not having many
influences with enough participants characterizihmgsame interacting influences. Of the 24
combinations of influences with interactions chéegzed by participants, only four had at least
three participants make any kind of judgment, whies the threshold for agreement, but those
were not ever in agreement on a type of interaction

2.4. DISCUSSION OF ADAPTATION STRATEGIES

With background on strategic priorities providedSiEP, the workshop participants
discussed the implications of the exercise resoftmmanagement. Table 2-12 lists adaptation
strategies that emerged during the group discussi®he experts discussed a variety of general
adaptation strategies as well as some specifictatilap activities that would be responsive to
key potential climate-related changes identifiadtigh their judgments. The strategies fall into
several broad categories, including Restorationc&gervation, Sediment Management and
Planning & Monitoring.

Table 2-12. Adaptation strategies and associatedg pathways for
management (see section 3.2 for pathways). SG=Sedim Retention Green
pathway; SB=Sediment Retention Blue pathway; SP=Sadent Retention
Purple pathway; CG=Community Interactions Green patway;,
CB=Community Interactions Blue pathway; CP=Community Interactions
Purple pathway.

2.4.1. Restoration & Conservation

Restoration was identified as a powerful managenuatwith a variety of specific
planning and prioritization considerations. Theers emphasized the urgency of implementing
restoration projects as an immediate priority,rigkilimate change impacts into consideration in
planning. For marsh restoration, the key is ggtstarted early enough so that marshes can be
established before rates of sea level rise becombigh. As a restored marsh matures, it is
better able to keep pace vertically through vegetadroduction. Similarly for other types of
restored habitats, they will be more resilienttiamging climate conditions as they mature. The
other temporal issue for restoration planning vi&srteed to plan for ecological succession,
building a dynamic landscape mosaic that incluagdstats that will thrive under future climate
conditions.

Similar and related considerations apply to coresgzm strategies. One consideration for

conservation could be habitats that are well suedture climate conditions. Though some
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habitats may not survive climate change (e.g., e/lfeere are not long term opportunities for
migration), it may still be important to preservedaestore these habitats in the short and
medium term as interim habitats until alternateitaddthat serve similar ecosystem functions
have been established.

Available space for habitat migration is a majongideration for both restoration and
conservation. On the conservation side, adjacansitional uplands should be maintained to
allow for local habitat migration. Policy optiongay include regulation or incentives to
encourage relocation and to discourage developorel@ands where there is potential for
upslope habitat migration or restoration. The slopthe adjacent uplands is an important factor
in such conservation priorities, and the needrfgroved vertical data as a mapping priority was
highlighted in the workshop discussion. Such magpvould help to identify upland areas for
restoration adjacent to current healthy marshesyavimigration of marshes is possible. The
experts especially emphasized the need to idestiflyprioritize wetland areas for restoration
where the adjacent uplands currently include compldgary habitats that would contribute to a
complete landscape mosaic that could support vapedies such as shorebirds that will be
stressed by climate change. Another key part eéldping and conserving such landscape
mosaics is providing for connectivity between npl#ihabitats. Also underscored was the need
to focus restoration efforts in the North Bay bessathe shoreline of the South Bay is so
developed that it precludes the ability of mardloemigrate upland. Finally, many restoration
efforts to date have involved fringing marshes.e Tdcus of restoration could be expanded
beyond fringing marshes to larger areas where teexeailable space for multiple habitats.

A major spatial planning consideration for restimais the need to consider the impacts
of each project on adjacent and downstream halaitat$uture restoration projects. In
particular, any project that broaches levees is@uMarsh will impact downstream sediment
budgets and adjacent hydrodynamics. Restoratigjegis could be coordinated so that projects
can be planned and timed to maximize success.dDgcivhen and where (e.g., how far
upstream) to focus restoration of different maggies will also depend on changes in the
salinity gradient; conditions that suit freshwadad brackish marshes will be moving upstream
through time under climate change, unless maimgimarsh salinity becomes a priority for
Delta freshwater storage policies.

2.4.2. Sediment Management

Sediment management is already a priority withenrgegion and will continue to be an
important focus for marsh management in the corakgea level rise and changing precipitation
patterns. There is an expectation that sedimeglgdrom the Sacramento Valley will continue
to decline due to the cessation of hydraulic minmg currently it remains elevated above levels
prior to the 18 century. It will become increasingly importantsiopport movement of
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inorganic sediment into restoration sites in tharerm, so that salt marshes can build to
threshold elevations for vegetation establishmadtleegin contributing organic sediment to
maintain themselves.

Changes in sediment supply will require local ttésies and Delta sources to be
managed differently. On the tributary side, theme opportunities to reconnect streams to
wetlands through flood control districts. An exdenpf a specific option for increasing
inorganic sediment loads from local tributaries Widoe to for regional water boards to consider
adjusting sediment TMDLs (Total Maximum Daily Loads allow for increases in coarse
sediment loads in streams that do not support satteo On the Delta side, Integrated Water
Management will be increasingly important for maining sediment supply, and may prompt a
switch in priority from storage to conservatiom the Bay, dredge sediment reuse is an
opportunity to redistribute sediment to desirechtaans. Limiting factors on current use of this
technique were discussed by the workshop partitsparciuding the need for best management
practices and funding.

While most of the discussion on sediment was akeeping pace vertically with sea
level rise, horizontal impacts through marsh edgsien were also discussed. There is a need to
develop ways to reduce wave action on the froressaf marshes. Protecting adjacent mudflats,
such as with berms, is one specific option.

2.4.3. Planning & Monitoring

The final category of adaptation strategies disedisd the workshop addressed planning
and monitoring. Many of the above recommendataresdased on planning, including
prioritizing. The need to develop rapid responsa®for catastrophes or contingency plans for
when thresholds are passed was emphasized. g aeipolitical and funding conditions
necessary to implement such plans would be estentia

Monitoring will become increasingly important inder to detect when thresholds are
being crossed. The scales at which monitoringagsiged will have to be adapted to changes in
restoration priorities. Monitoring at the landseagale -- especially for birds and other mobile
species that use multiple habitat types -- wilbl@ecessity in order to track potential thresholds.
This will likely require coordination among multgphgencies since many habitats and habitat
mosaics span jurisdictional boundaries. The ctiicendition and extent of these habitats needs
to be monitored and understood now, as the cudaatare insufficient for a baseline at the
landscape level. Examining habitats at a largaleswill also be important for facilitating
species movements. It may become necessary toeethst birds can move among ponds, tidal
marshes, and mudflats as conditions change. Speuges (e.g., clapper rail, salt marsh harvest
mouse) may not be able to migrate from degradiagsaon their own and may require
intervention.
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The discussion of adaptation strategies describedeawas broad and free-ranging. The
next section will combine the analysis of the elsarecesults with the ideas in Table 2-12 to
discuss top pathways for management given clinteege and identify specific adaptation
options in response.

This document is a draft for review purposes only and does not constitute Agency policy.
2-25 DRAFT— DO NOT CITE OR QUOTE



© 00 N O Ol WODN P

W N NNNMNNNMNNMNNMNNMNNRERERREREERERRLERLRPR
O © O N0 NKAWNREROOOOW-NOU A ®W®WNPR O

WWWWwWwwwww
O©CoOoO~NOOUA,WNE

3. MAKING THE LINK TO MANAGEMENT

As detailed above, the workshop resulted in a laayeme of information on the
sensitivities of the sediment retention and commyunteractions processes to stressor
interactions under current conditions and futum@ate scenarios. The next step lies in
organizing this information into a form which maeegcan use to identify influences of
particular importance upon which to focus managenmerventions and adaptation planning.

3.1. USING INFORMATION ON INFLUENCE TYPE & DEGREE, SENSI TIVITY

AND RELATIVE IMPACT TO IDENTIFY KEY MANAGEMENT PATH  WAYS

In the workshop exercise and group discussionsexperts generated three categories of
information about the relationships in the influemttagrams: 1) the type and degree of each
influence; 2) the sensitivity of each influencec{uding thresholds); and 3) the high relative
impact of certain influences on the endpoints. tAlee categories of information should be
considered in concert when interpreting managemngolications. This can be done by
performing a “crosswalk” of all three categoriegrdbrmation in order to identify pathways of
particular interest that connect each endpoint @eretion/Erosion or Shorebirds) to stressors
or drivers that can be addressed through particodaragement activities. The crosswalks as
well as example pathways are presented below.

3.1.1. Crosswalks: Influence Type & Degree, Sensitivity ath Relative Impact

The crosswalks for Sediment Retention and Communigractions are presented in
Table 3-1 and Table 3-2. For each influence, mftion on type and degree, sensitivity, and
relative impact is listed side-by-side, first farrent conditions, followed by Climate Scenarios
A and B. This allows for easy comparison of atethcategories of information, across all three
scenarios. The influences have also been rankendmsed on the amount of information
available for each in terms of agreement on infbeetype, degree, sensitivity, relative impact
and threshold potential.

3.1.1.1. Sediment Retention Crosswalk

Table 3-1. Sediment Retention group crosswalk facomparison of influence
type and degree, sensitivity and relative impact focurrent conditions and
climate scenarios. NA = No agreement; Prop = Proptional; Disprop =
Disproportional; L = Low sensitivity; | = Intermedi ate sensitivity; H = High
sensitivity; H-trend = No agreement but trending tavard high sensitivity; X
= High relative impact; 4 = Increasing relative impact from current; () =
Number of respondents; Ranking column orders the ifluences according to
completeness of information
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For Sediment Retention (Table 3-1), there was ageaé on both type and sensitivity for
the majority of influences. Especially when coupbath the designation of high relative impact,
certain influences emerge as being of specialestdor management. These are influences for
which we have a good understanding of the natutkeofelationships, their sensitivity to
changes now and in the future, and their high ikegdampact on the endpoint of Net
Accretion/Erosion. Therefore these are the infagsfor which management interventions are
most likely to have the intended effects. Influesicanked one through three in Table 3-1 fall
into this category.

Even when not designated as highest relative imp#tiiences for which there was
agreement on type as well as sensitivity are egjualbortant to consider. While not necessarily
of highest relative impact, they are well underdtaad sensitive to change, and may be linked
with other influences for important cumulative etieon the endpoint. Influences of rank four
and five, and also influence G, fall into this ey (Table 3-1). Meanwhile, lack of agreement
on one or more of the type and sensitivity catexgoimdicates that more information is needed to
understand the particular influence. It does ngdly that the relationship is not potentially
important, but rather that it is not well enouglderstood by this particular group of experts for
managers to be confident about the response teralimate change or management
interventions. The remaining nine influences ifatb this group. Relationship E (Water
Resource Management: Channelization on Freshwaten) and Relationship T (Inundation
Regime on Net Organic Accumulation) are interestiages in that there was no agreement on
influence type or sensitivity, but there was agreetron high relative impact. These influences
were identified as having high or increasingly-highative impact under the climate scenarios.
This indicates that the influences are not wellarstbod, yet are considered by the experts to
have a high relative impact on the ecosystem psoerdpoint of Net Accretion/Erosion. In the
case of these influences as well as the remainiihgences in this group, priorities for further
investigation (in the form of literature reviewsrtmre deeply assess existing information,
followed by new research where understanding igitoed to be lacking) could be based in part
on which of these influences are most criticaltiderstand since they have a high relative
impact or have links to other influences of sperrglortance to the endpoint.

3.1.1.2. Community Interactions Crosswalk

Table 3-2. Community Interactions group crosswallkor comparison of
influence type and degree, sensitivity and relativampact for current
conditions and climate scenarios. NA = No agreemerRrop = Proportional,
Disprop = Disproportional; L = Low sensitivity; | = Intermediate sensitivity;
H = High sensitivity; H-trend = No agreement but tending toward high
This document is a draft for review purposes only and does not constitute Agency policy.
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sensitivity; 4 = Increasing relative impact from curent; () = Number of
respondents; Ranking column orders the influencescagording to
completeness of information

The Community Interactions crosswalk (Table 3-8pdias some influences for which
there was agreement on both type and sensiti@gpecially when coupled with the designation
of high (or increasing) relative impact acrossghenarios, these influences emerge as being of
special interest for management. These are infleefor which we have a good understanding
of the nature of the relationships, their sensitito changes now and in the future, and their
high relative impact on the Shorebirds endpoirtteréfore these are the influences for which
management interventions are most likely to haearitended effects. These influences include
Relationships O, GG, Q, DD, EE, FF, and E.

Even when not designated as highest relative imp#tiiences for which there was
agreement on type as well as sensitivity are eguajportant to consider. While not necessarily
of highest relative impact, they are well underdtaad sensitive to change, and may be linked
with other influences for important cumulative etfeon the endpoint. Influences for which
there was agreement on both type and degree airtessst two of the three scenarios include
Relationships S, U, Y, HH, I, X and JJ.

Meanwhile, lack of agreement on one or more oftype and sensitivity categories
indicates that more information is needed on thiéqudar influence. Again, it does not imply
that the relationship is not potentially importamit rather that it is not well enough understood
by this particular group of experts such that mofermation is needed. The remaining
influences all lacked agreement in type and/orisieitg for at least two of the three scenarios.
Relationship K (Freshwater Inflow on Tides and Hydimamics) and Relationship AA (Extent
of Mudflat on Predators and Disturbance) are ciweshich there was no agreement on
sensitivity across the climate scenarios, but tixare agreement on high relative impact. These
influences were identified as having increasingbhirelative impact under the climate
scenarios (with Relationship K being designatelarashold response). This indicates that
although the influences are not fully understobéytare considered by the experts to have a
high relative impact on the Shorebirds endpointthe case of influences in this group, priorities
for further investigation (through literature rew® and further research where needed) could be
based in part on which of these influences are eritgtal to understand since they have a high
relative impact or have links to other influencéspecial importance to the endpoint.

It is notable that the community interactions iefhee diagram had a larger proportion of
influences that were not well understood compandti¢ sediment retention group. There were
eight influences for which there was no agreemaerdryy of the three categories of information,
for any of the three scenarios. The larger nuroberfluences in the Community Interactions
diagram (36 compared to 26 for Sediment Retentigitgcts the complexity of modeling both
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physical (e.g., sediment supply) and biological.(eshorebirds and their prey) components of
the community interactions process, and may haag&iboted to less agreement among the
participants, especially across scenarios.

3.1.1.3. /nformation Gaps
Crosswalks

Patterns of information gaps in the crosswalk sbbkried for Sediment Retention (Table
3-1) compared to Community Interactions (Table 34Rfluences for Sediment Retention were
relatively well understood across type and degneksansitivity categories of information.
However, in quite a few cases, even though theseageeement on type there was not
agreement on degree. Where there was agreemeait curdent conditions, the agreement
tended to carry across the climate scenarios ds Wet Community Interactions, there was far
less agreement overall about the nature of theenfies, with a greater number of gaps in
influence type, degree and sensitivity. Also, camegd to Sediment Retention there were more
cases where agreement that was present under tcooratitions was lost under the climate
scenarios, indicating a greater uncertainty about the influences might behave in the future.

Such information gaps — especially involving infiges in otherwise well-understood
pathways that link to rich opportunities for managat — could be used to prioritize targeted
literature reviews and/or scientific research tbhatises on key process components of interest.
Another method for sorting through and prioritizimgpn-agreement” influences for further
study might be to start from the perspective of agment opportunities. Managers could look
at their most tractable and effective managememtréecurrently available, and trace pathways
from those down to the endpoint of interest, aseams of identifying and selecting priority
influences for research. Examples of promisingpwal/s are presented below.

Confidence

Confidence estimates were not included in the evakstables because of extensive
information gaps in the form of missing estimatéiss possible that this was partly due to time
limitations as participants prioritized characterigthe influences before marking confidence.

However, another problem that may have led to g&ssthat the confidence exercise did
not take into account specialty areas of partidipaowledge. Due to the complex and
interdisciplinary nature of the influence diagraamsl the individual specialties of the
participants, some participants may have been askedke judgments on influences for which
they felt they had insufficient expertise. In socases they may have elected to leave those cells
blank.

Even where confidence estimates were entered, ihegeise for caution in interpreting
the information. Discussions during and aftere@Rercise revealed some confusion about the
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definitions of evidence and agreement (as perdnédence handout in Appendix D). In
particular, there may have been a misunderstandiated to equating agreement alone (even
where there was minimal evidence) with full confide; that is, a large amount of agreement,
even where little information (data) was availalnl&y have been misconstrued as highest (HH)
confidence in some cases.

Thus, the large number of missing cells for confickecould have been due to one or
more of the following: 1) lack of time; 2) inabilito judge confidence in certain influences due
to lack of expertise; and 3) confusion about thafidence definitions and coding scheme.
These problems could be corrected in subsequerkisivops through pre-workshop trainings to
clarify the coding scheme, provision of a codellovaparticipants to indicate lack of expertise
as a reason for leaving a cell blank, and addititmee to complete the exercise.

3.1.2. Identifying Key Pathways for Management

Using the crosswalk tables (Tables 3-1 and 3-29,pbssible to identify influences that
are well understood, become more sensitive, and aareater relative impact under future
climate scenarios. By combining a series of snflnences into a pathway to the endpoint, we
can begin to identify key responses and changeariables of interest to management. A
“pathway” is defined as a series of connected w#gand their influences, beginning with a
driver or stressor variable and ending at the eimipd he purpose is to be able to apply
management interventions in order to impact thepeimd. “Management levers” are those
variables for which it is possible to intervenelwibhanagement options; the clearest connections
to management options are for the top level vaembtat are drivers or stressors. When
multiple management levers are available for ayayh the one that was more completely
characterized or that had potential changes ugeclimate scenarios was selected. Two
example pathways are discussed below, one for SediRetention and one for Community
Interactions, to show the process by which thegegyf pathways can be identified. These will
be followed in the next chapter by summary diagrahwwving the top three pathways for each
process, along with discussion of specific managempgtions.

3.1.2.1. Sediment Retention Example

The pathway of Reservoir Management to Freshwatkaw (Relationship B) to Net
Organic Accumulation (Relationship O) to the endpdRelationship U) is a relatively direct
route to the endpoint of Net Accretion/Erosion (K&g3-1). For type and degree of influence,
Relationship B was characterized as being an ievarsportional influence under all scenarios.
For sensitivity, Relationship B was characterizedhaving intermediate sensitivity under all
scenarios. Interms of relative impact, Relatigm& was indicated as an influence with
increasing impact under the climate change scemario
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Figure 3-1. Sediment Retention Example Pathway. Fure = Climate
Scenario B.

Relationship O had less agreement. For type agredef influence, Relationship O was
characterized as being a direct influence unden&k Scenario A (not shown in Figure 3-1),
but there was no agreement on type and degree aadent conditions or Climate Scenario B.
For sensitivity, Relationship O was characterizethaving intermediate sensitivity under current
conditions, but there was no agreement under theat# scenarios. In terms of relative impact,
Relationship O was indicated as having high impacter both current and future scenarios. An
area for further investigation would be the sowtdisagreement on the influence type for
current conditions versus Climate Scenario B.hése a potential for a threshold since multiple
participants changed their characterization of typeveen each scenario? Or was the
disagreement based on differences in definitiomsdsen participants, as the influence could act
differently based on considering a change in tirangolume of flow? In order to use Reservoir
Management to impact Net Accretion, it will be nesary to understand the nature of the
influence of Freshwater Inflow.

Relationship U was characterized as a direct ptap@ influence under all scenarios. It
has intermediate sensitivity under all scenariosterms of relative impact, it was identified as
having high impact under current conditions andaasing impact under the climate scenarios.

When examined using all three categories of infailonathis is a relatively well
understood pathway for which there was agreemetymnfor two of the three influences.
Where there is agreement on sensitivity alongghtbway, the influences are characterized as
intermediate sensitivity, which indicates that theyuld be responsive to management actions.
Each influence has high relative impact, with betgiationships B and U having increased
impact under the climate change scenarios. To geakng this pathway, an increased
understanding of Relationship O would be importddihderstanding the specifics of how the
timing or volume of freshwater inflow influencesthboveground and belowground organic
processes that lead to net accumulation would cetepthe pathway so managers can utilize
reservoir management to increase net accretion.

3.1.2.2. Community Interactions Example

The pathway of Restoration on Landscape Mosaicatielship E) to the Shorebirds
endpoint (Relationship O) is well understood arghhj sensitive, and its relative impact will
increase in the future (Figure 3-2). The manageneeer of Restoration is a broad category that
constitutes a number of management options. Rektip E was characterized as a direct
influence under all scenarios, but there was neeagent on degree of influence. Relationship E
was characterized as having high sensitivity uatlescenarios. In terms of relative impact,
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Relationship E was indicated as an influence witligéasing relative impact under the climate
change scenarios.

Figure 3-2. Community Interactions Example PathwayFuture = Climate
Scenario B.

Relationship O was characterized as a direct, dptional strong influence under all
scenarios. For sensitivity, Relationship O wagati®rized as having high sensitivity under all
scenarios. The relative impact of Relationship & wndicated as primary under current
conditions, with increasing relative impact under tlimate change scenarios.

When examined using all three categories of infeionathe Restoring the Landscape
Mosaic pathway stands out as well understood &edl/lto be responsive to management
options when planning for climate change. Restmmaand Landscape Mosaic are broad
variables, so a wide variety of accompanying mameaget options fall within this pathway. One
management option could be to restore salt masijasent to a mudflat of concern, which
would provide a sediment source for the mudflaval as secondary habitat for the shorebirds.

3.2. TOP PATHWAYS AND IMPLICATIONS FOR ADAPTATION PLANNI NG

Sections 3.1.2.1 and 3.1.2.2 above have used egartgpiemonstrate how the results of
the expert elicitation exercise can be used to igeptify key pathways for management. This
method of identifying well-understood pathways tban be traced from endpoints of concern to
management levers is a useful way to explore tipdications of the workshop results for
adaptation planning. In some cases it may be Iplessi identify management actions for
immediate implementation, i.e., where there isisigffit understanding of the relationships
among the variables as well as their sensitivitiesct with relative confidence in the effects of
management interventions. Additional pathwayst#rest can be identified through further
examination of the crosswalk tables (Tables 3-1&a¢, using amount of information for which
there was agreement (to identify current best-wstded influences) as well instances of climate
thresholds (indicating potential climate-inducedtshto identify “top pathways” of interest for
management. This section describes three top pathfer the Sediment Retention and
Community Interactions processes, as well poteatlaptation responses. This is followed by a
brief review of SFEP planning documents and disoussf where adaptation activities relating
to the top pathways could be linked into theset@gglans and strategies.

3.2.1. Top Pathways and Associated Adaptation Options

Three top pathways for each process are presentadure 3-3 (Sediment Retention)
and Figure 3-4 (Community Interactions). For eafséewing, each pathway is highlighted by a
color (green, purple or blue), and influences thratergo changes under the climate scenarios are
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highlighted with red boxes indicating the naturdéhef change. Dashed lines indicate
inconsistent agreement among participants undeeaat one scenario. The order in which the
pathways are presented below is not an indicati@nder of importance. These are all
management pathways with notable potential foregking the climate sensitivities identified.

Figure 3-3. Top pathways for management of the Netccretion/Erosion
endpoint. Blue, green and purple colors are useatdistinguish different
pathways. Red boxes highlight changes under futurglimate conditions. *
indicates high relative impact under current conditons. ” indicates
increasing relative impact under future conditions. A direct to inverse
threshold occurs where there is a direct effect uret current conditions that
may shift to an inverse effect under future climateconditions. Dashed lines
indicate inconsistent agreement across scenarios.

Figure 3-4. Top pathways for management of the Sinebirds endpoint.

Blue, green and purple colors are used to distingsh different pathways.
Red boxes highlight changes under future climate calitions. 1° and 2°
indicate primary and secondary relative impact unde current conditions,
respectively. " indicates increasing relative impet under future conditions.
A direct to strong direct threshold occurs where tlere is a direct effect under
current conditions that may shift to a very strongdirect effect under future
climate conditions. Dashed lines indicate incongent agreement across
scenarios.

3.2.1.1. Sediment Retention Top Pathways
Green pathway

The Sediment Retention example pathway describsddtion 3.1.2.1 above is
elaborated upon here as the Green top pathwayr@-833). Starting with the Net
Accretion/Erosion endpoint and working “up” the gliam, a major determinant of the net
balance between accretion and erosion is the bomitvn of organic accumulation by way of
below ground biomass production. Organic accuriaridias a higher relative impact on the
endpoint than mineral accumulation, and this redaitnpact is expected to increase under
climate change. This is because as marshes dterged to adjust to sea level rise, vegetative
processes can respond by increasing below growmdasis productivity, and this may become
increasingly important in the context of histori¢ahd continuing) decreases in mineral sediment
supplies.

At the next level up the pathway, net organic aadation is directly affected by
freshwater inflow due to salinity effects. As inester flows decrease, salinity increases,
favoring more salt tolerant, but less productivenpd in the community. Agreement on the
nature of this relationship was not consistent stbe climate scenarios, with some participants
indicating the potential for an inverse relatiomstiepending on whether or not they were
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considering changes in species composition. HsnxeSpartina alterniflora, which is favored
and has higher productivity than native speciesuheyher salinity regimes, is allowed to
become established, then the influence of fresmiailew could be an inverse relationship in
which increased salinity favored vegetative promunct However, for the purposes of this
discussion we are assuming that the goal is teepreshe native salt marsh habitat; hence we
are considering management of the direct relatipnsh

Finally, freshwater inflow is acutely affected Bservoir management (see top level of
pathway). Here, reservoir management refers t@ihetice of storing and diverting freshwater
supplies for flood control, agriculture and othentan uses. Thus, an increase in reservoir
management typically results in an overall decréaseailability of freshwater flows to salt
marshes. This inverse effect on the volume, speddseasonal availability of freshwater flows
is expected to be of increasingly high relative attpunder climate change as freshwater
supplies become increasingly variable in a coméktcreasing human demand.

The management implications for adaptation givenréhationships within this pathway
are that managing reservoirs for downstream sglieijulation in favor of native marsh
vegetative productivity will require more steadywer-volume releases. The strategy for such
releases relative to the growing season requimdisduinvestigation of the effects of timing
versus volume of freshwater inflow on net orgamcuanulation, on a site-specific basis. Given
the high relative impact of net organic accumulatompared to net mineral accumulation, a
priority could be placed on releases designeddtinisy maintenance compared to high volume
pulses to support mineral sediment transport (dsed in the Purple pathway below). In
addition, since increased salinity regimes faveasive Spartina, if the goal is to preserve native
salt marsh, another important management considenaill be the need to continue or even
“step up” invasive species eradication programs.

Purple pathway

Starting with the Net Accretion/Erosion endpointilavorking up the Purple pathway
(Figure 3-3), a second major determinant of tharz between accretion and erosion is the
contribution of mineral accumulation. Net minematumulation has a direct effect — in
conjunction with organic accumulation — on net ation.

The next level up the Purple pathway representsffieet on mineral accumulation of
sediment size. This is another direct relationshith larger grain sizes favoring mineral
accumulation, since larger grains deposit moreilgaate harder to re-suspend and provide
larger building blocks for accretion. An importaaftect of future climate change may be an
increasing sensitivity of net mineral accumulatiorsediment size. This increase is partly
because sediment flux, the other determinant ofmmeéral accumulation, is expected to
continue to decrease, not only because of congnpiiacesses responsible for historical declines
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from peak sediment inputs in the past, but alsabse of potential changes in wave driven
erosive processes (see Blue pathway descriptiawel

At the top level of the diagram, the Purple pathivals sediment size to two
management levers: impervious cover and resemaitagement. It is likely that changes in
impervious cover will have important effects onisaeht size, but our understanding of these
effects is incomplete. The influence of impervisusfaces on runoff, and resulting impacts on
sediment size, is highly dependent on the locaisfampervious surface relative to other land
cover, topography and proximity to water bodiesorkghop participants noted that the effect of
impervious surfaces on runoff is much greater tharexpected effect of climate driven changes
in precipitation and resulting runoff patterns. adevhile, the effect of reservoir management on
sediment size is better understood. As flow volsiigned speeds are reduced, there is a negative
impact on transport of large grains.

Management implications for adaptation based anghthway vary. In the case of the
impervious cover management lever, further invasiog of the effects of impervious cover on
sediment size is greatly needed in order to idgajipropriate management strategies. Basic
information on how changes in land cover (includihgnges from impervious to permeable
pavement systems) may affect sediment size widlritieal as land use change and development
continue to increase into the future.

With regard to reservoir management, high volueteases will increase transport of
larger grain sediments to marshes. However, tiseadrade-off to consider between high
volume pulses to enable large grain sediment tahspd water availability for steady, lower-
volume releases to favor vegetative productionissudsed for the Green pathway (see above).

Other options for addressing sediment size thranghagement could include adjusting
policies that prevent coarse sediment from entetiegBay. This could include a change in
TMDL (Total Maximum Daily Load) requirements foreams that do not support salmonids, to
allow an increase in sediment loads. Engaging fiathd control districts is another possible
avenue for re-coupling stream sediments to wetlaigrent flood control priorities may not
take into account the future benefits of downstreatiands as climate change and associated
sea level rise begin to increase the occurrenfleading due to changes in upstream tidal
pulses. Also there is an opportunity to take athg of strategies that maximize sediment
transport to wetlands, with the additional bengfitiood control districts of decreasing their
dredging needs.

Blue pathway
Like the Purple pathway, the Blue pathway (Fig8+®) starts with the direct effect on

net accretion of net mineral accumulation, but fibere it diverges. The next step up this
pathway concerns the direct relationship of netam@haccumulation to sediment flux, which is
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an expression of the rate of sediment supply.eské being equal, increases in sediment flux
result in increased net mineral accumulation.

An important driver of sediment flux is wind driverave action, and the nature of this
relationship will potentially change under fututemate conditions. Under current conditions,
wave action has a net positive effect on sedinlartdnto salt marshes, as greater wave energy
can mobilize and increase rates of sediment trahfjpon bays and adjacent mudflats deep into
marsh systems. However, under future climate ¢mmdi a threshold may be crossed whereby
the role of waves as a sediment source will deeraad the erosive effect of waves will
increase, leading to a shift from a direct to aremse relationship. This threshold is caused by a
potential change in wave character as water degtleases due to sea level rise. In deeper water
waves behave differently, with less wave energylabke for re-suspension of bottom sediments
and more energy delivered to the marsh edge, lgadimcreased erosion.

While managing wind driven waves may not immedyedgppear straightforward as a
management lever, given the importance of thism@tethreshold it is necessary to think
broadly about adaptation options for this pathwkyvould be valuable to monitor wind, waves
and sediment fluxes in marshes in order to dekecthreshold shift when it occurs. Ideally a
response plan would be prepared in advance of&wsbiift, with the necessary public and
management backing and resources in place to ingpiethe plan when needed. Current tools
for reducing wave action on the front sides of rhassare limited; such tools need to be further
developed and tested in areas where waves arenttyrin@ving an inverse influence on sediment
flux. Existing tools include building berms or t@sng oyster reefs as protective barriers against
wave energy. Depending on the depth of adjaceterwsuch barriers could either be designed
to reduce wave energy on mudflats or on the marieesselves. Another adaptation option
might be to strategically locate sites to depostide materials with a goal of enhancing
sediment concentrations on mudflats adjacent teines: This could serve the dual purpose of
both increasing sediment fluxes and compensatinghfanges in water depth above mudflats.

3.2.1.2. Community Interactions Top Pathways
Green pathway

The Community Interactions example pathway desdribesection 3.1.2.2 above is
elaborated upon here as the Green top pathwayr@-8y4). Starting with the Shorebirds
endpoint and working “up” the diagram, shorebirdslaest able to effectively use mudflat
foraging habitats only if landscape mosaics — wiaichdefined as a mixture of habitats for
secondary foraging, roosting, and cover from pr@dat are available in close proximity.
Therefore, the presence of such mosaics, incluglimgls, diked wetlands, seasonal wetlands,
and muted tidal wetlands, has a strong positivecetind a high relative impact on shorebird
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populations. The high relative impact of this ughce is likely to increase even further under
climate change as mudflat habitats become scancksmaaller in extent.

At the next level up the pathway, landscape masaiirectly affected by restoration.
Workshop participants noted that small changesstoration can have the potential for large
positive effects on landscape mosaic. The relathgact of restoration on landscape mosaic is
likely to increase under climate change as tempeagatincrease, precipitation patterns change,
and water diversions continue to escalate. Th#sets also will be exacerbated by ongoing
and increasing land use changes (especially dewelny), further raising the importance of
restoration as a mitigating force.

Management options for adaptation given the refatdps in this pathway center on
restoration as a key and increasingly critical nganaent activity. Workshop participants noted
that there is little monitoring of landscape mosaiarrently underway, so there is almost no
information on the current status of, or ratest@nge in, mosaic habitats. Assessment and
mapping is needed to detect changes and mandge lantdscape scale for shorebirds and other
mobile species that use multiple habitats.

Given the implications under the climate chang@ades, managers might place a
priority on “stepping up” management of landscapesaics through spatial planning designed to
prioritize where and how to restore which habitatse goal would be to create a continuum of
wetland and upland ecosystems, across a rangédirofyseegimes, which could migrate inland
as sea level rises. Workshop participants notadnitanagers might also include “threshold
landscapes” (those that are about to change frarsenof dominant processes to another, or
from one state to another) in consideration of gaodscapes for restoration. As part of spatial
planning, restoration should be focused on wheseetare good opportunities for restoration,
where there can be flexibility in management, amere migration inland is possible. Decision
makers could even be urged to consider legislatrancentives that encourage moving back or
blocking of development on lands where there igration potential now or in the future.

Blue pathway

Starting with the Shorebirds endpoint and workipghe Blue pathway (Figure 3-4),
another key factor affecting shorebird populatimhe extent of mudflat available for foraging
(i.e., the acre-hours that mudflats are exposedtzrgfore accessible). Extent of mudlflat has
a direct effect of high relative impact on shordlpopulations. This direct effect will become
increasingly strong, and is considered a thresafi@tt, under climate change as extent of
mudflat may become limiting as sea level riseshwitailable foraging habitat becoming too
limited to support shorebird populations.

Continuing to work up the pathway, a major detaant of extent of mudflat is mudflat

bathymetry, which has a strong direct effect onekient of mudflat exposed at low tide.
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Mudflat bathymetry is itself directly affected bgdsment resuspension and deposition processes,
which are turn directly affected by sediment supplykey source of sediment supply is the
direct effect of freshwater inflows.

An important management lever appears in the fdrtheosensitivity of freshwater
inflow to water management. Workshop participartted that water management practices
(specifically, reservoir management and upstreaenaiipns) have an important direct effect on
freshwater inflows. This effect will become incsewyly strong under climate change. This is
because the sensitivity of freshwater inflow to@vahanagement may increase in the future as
freshwater flows from alternate sources such astation and tributaries become more
variable and/or scarce, and as the entire watefdsbeoimes even more highly managed.

Implications for adaptation based on this pathwayently center around management of
water releases and sediment supply. Reservoirgeament of water releases in order to
mobilize and transport sediments (e.g., throughueeof sediment maintenance flushing flows)
could become an increasingly important optionjghtl of this, continuing to improve upstream
operations in order to ensure greater availabilitwater (to allow more frequent and/or more
intense pulse releases) is warranted. Participrote] that an increasingly important technique
will be integrated water resources management, avitemphasis on shifting from storage more
toward conservation uses.

Attention to management options for directly enlagsediment supply is also needed.
This is especially the case since sediment supplyp@come increasingly sensitive to
restoration as well as water management, with@paints noting in their discussions a potential
synergistic interaction between the two. Methamsioving sediment (especially coarse
sediments) into the bay need to be developed. tatap options might include strategically
locating dredge spoil sites to enhance sedimenilggto mudflats.

Purple pathway

Starting with the Shorebirds endpoint, the Purplhway (Figure 3-4) begins with a link
to the shorebird prey community. Shorebird comriemirely on abundant mudflat prey
populations, which therefore have a positive effecf high relative impact -- on shorebird
populations. The abundance of prey per unit aiddacome increasingly important (of
increasing relative impact) under climate changspasial extent of mudflats shrink with sea
level rise. This effect will be magnified if sectary feeding habitats in the landscape mosaic
(see Green pathway) continue to be lost due toldewent and other pressures.

Working up the next step of the pathway, shorebaehmunities are strongly affected by
water quality. Specifically, sufficient levels dissolved oxygen (DO) have a direct positive
effect on prey communities. Since this is a diretdtionship, this means that as decreases in
DO occur with climate change due to increased teatpees and/or eutrophication, prey
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communities may flag. A threshold may occur infiltere if DO reaches low enough levels to
cause prey populations to crash.

With regard to management implications, the Puppliaway provides further
justification for continued prioritization of watguality management. Water quality is already a
major concern in the watershed; and for shorebadgater quality aspect of special concern
may be DO. Oxygen depletion usually results froghmates of microbial and/or algal
respiration that exceed the capacity of the wabelylio replenish oxygen through phytoplankton
photosynthesis and diffusion from the air. Exocessmputs of organic material and nutrients, for
example from poorly treated sewage dischargesoar &gricultural activities, can accelerate
respiration rates and trigger localized and rediorgigen depletion. Protection and
improvement of water quality will be critical thrgli integrated water resources management,
which could include stormwater management and raiewharvesting (which benefits water
conservation as well).

Other improvements to water quality could occuotigh land use decisions (e.g., use of
permeable surfaces to reduce runoff) and resteraicisions (e.g., restoration of riparian zones
as natural filters). The importance of land useisiens was emphasized by the participants,
who discussed a synergistic effect of freshwatiéowon water quality that is dependent on
land use change. In summary, water quality isxastiag concern for which there are already a
variety of management options available; and bexthes affects of water quality on mudflat
prey populations are known and expected to incred@tbeclimate change, this is further
confirmation of the importance of implementing swgions, in conjunction with public
education and outreach to explain and justify supioo their use.

3.2.1.3. Top Pathway Caveats

Above we have described three pathways that s@wedpecially promising for
successful management application in light of ttiermation provided by the particular group
of experts at this workshop. Given the complerityhese systems and instances of uneven
agreement among participants, actions based oa gakways should be considered with care.
A different set of pathways could be chosen basedddlitional meaningful criteria that are site-
specific and specific to individual managers’ exiger Based on their own knowledge of their
sites and/or input from different experts, manageesencouraged to examine the potential for
additional top pathways for their own particulastgms by examining the crosswalk tables and
applying their unigue knowledge.

While top pathways based on the expert knowledg®a this workshop are useful, it is
also important to look at gaps in the crosswallketalvhere some influences did not show
agreement in type, degree and/or sensitivity. lafckgreement does not necessarily mean there
is no information available; often the experts nad agree based on competing evidence, or as a
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result of limitations of the expert elicitation jgess. Where there are gaps in otherwise-strong
pathways for management, further research — ifottme of literature searches, data mining, or
original research if needed — could be highly valea

A final consideration is that these diagrams wkaeeloped considering the current
condition of each system. At this workshop theesa variable (disease for the Community
Interactions group) that arose as critical to tystesm under future conditions, even though it had
not been included in the diagram under current tmmd. Individual managers should identify
-- and consider management options for -- any atbieh variables that may be specific to their
system or site.

3.2.2. Adaptation Planning

There are multiple ways to go about climate chadggptation planning, including
integrating adaptation into existing plans, or depig a stand-alone adaptation plan. This
report focuses on the planning options for SFER¢hvas an NEP has several key management
plans. The SFEP management plans discussed leensed to demonstrate the type of
adaptation planning that can be done to address {herticular issues. Other organizations can
use their particular planning documents to appéysame approach.

SFEP’s planning documents include a Comprehensives€vation and Management
Plan (CCMP), which articulates long range goals @njéctives, a Strategic Plan for mid-term
objectives, and an annual Work Plan that lays battgerm actions to implement the goals and
objectives. Each of these plans addresses cliohatege on some level, so it makes sense to use
the results of this study to continue integratihgnate change into each of these planning scales.
In this section we provide some links between SBERins and the top pathways and
management options discussed above; this set ofgd®a is not comprehensive, but rather is
meant to illustrate how the results of this studg be used to inform adaptation planning.

One management strategy outlined in the 1993 CGMPpertains to the Green
Sediment Retention pathway (Figure 3-3) is ActidR-A 1: “Adopt water quality and flow
standards and operational requirements designiealttand reverse the decline of indigenous
and desirable non-indigenous estuarine biota” (SAEBP3). The relevance of the Green
Sediment Retention pathway to this action is thaervoir management activities and their
effects on freshwater inflow are considered kegustaining net organic accumulation through
this pathway. While animal species have been timegpy focus of this action, it also applies to
managing for salt tolerance of plant species waulting effects on plant productivity and net
organic accumulation.

Another relevant action, from the revised 2007 CCMFRAction DW-1.1: “Conduct
studies, research, modeling, and analysis of sediprecesses and trends to more thoroughly
understand sediment transport in San Franciscoaticularly in light of sea level rise and
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changing sediment inputs from the Delta and maibutaries” (SFEP, 2007). This mandate will
be important for informing management along bothBfue and Purple Sediment Retention
pathways (Figure 3-3) as well as the Blue Communitgractions pathway (Figure 3-4). For the
Blue Sediment Retention pathway, the priority reseavould be monitoring of the potential
threshold effect of waves on sediment flux. FerBurple Sediment Retention pathway,
information is needed to understand the relatignbbiween impervious cover and sediment.
Such understanding could inform where and how toaga impervious cover. In addition,
further investigation is needed into reservoir nggamaent options that provide pulse events
which can increase the supply of large grain sedim¥ery similar questions on how water
management methods affect sediment supply comerupd Blue Community Interactions
pathway,

A strategy from the revised 2007 CCMP that reltdethe Green Community
Interactions pathway (Figure 3-4) is Action WT-4'Ittentify, convert, or restore non-wetlands
to wetlands or riparian” (SFEP, 2007). While matdlmay not have been the wetlands
originally intended for this action, considering dflats within the landscape mosaic is advisable
while implementing strategies of where to restaye-wetlands to wetlands (see also Table 2-
12).

In the 2010-2012 Strategic Plan (SFEP, 2010), dnieecfour key objectives for focusing
the implementation of the CCMP is Objective 2: “Sap Estuary resilience in the face of
climate change”. Under Sub-objective 2.3 is “Prtendimate adaptation strategies and policies
that encourage protection and restoration of Egthi@alth and reduce damage to the
ecosystem”. The workshop results of this studylmansed to provide specific areas of focus for
that objective and for mainstreaming adaptatioa agplicable actions under the other
objectives.

Meanwhile, under Objective 1. “Promote integrateatenshed stewardship,” there is
Sub-objective 1.2: “Assist development of regiogadls projects and management plans (i.e.,
Habitat Goals, Subtidal Habitat Goals, Upland Hath@oals, regional sediment plans)”. The
abovementioned Goals projects enumerating BaylBodsystem Habitat Goals (Monroe et al.,
1999), Upland Habitat Goals (Weiss et al., 20008 @010), and Subtidal Habitat Goals
(BCDC, 2010) are highly relevant to the Green Comityunteractions pathway (Figure 3-4).
Developing projects that coordinate across goat®tmect habitat types could serve as a
strategy for rebuilding landscape mosaics throegtoration projects. The original Baylands
Goals report did not take climate change into aersition, but the two newer projects consider
climate change as a factor.

Many of the current projects in the 2010-2011 AriiWark Plan are examples of
management options that potentially could be infxray the results of this study. For instance,
sediment reduction is an objective or componernidodf the projects. For both the Blue
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Community Interactions pathway (Figure 3-4) andRlueple Sediment Retention pathway
(Figure 3-3), one management option cited in TablR is to adjust policies that keep coarse
sediment from reaching the Bay. Many of the curpenjects are based on meeting TMDL
restrictions for salmonid streams, which is a cotimgegoal with developing methods to increase
sediment supplies into the Bay. Some current ptej@cus on reducing fine sediment;
management practices that target fine sediment(@iiile allowing coarse sediment) could be
developed or expanded to other projects where gppte. Tools such as those in the
“Watershed Scale Mapping of Project Results: Ligkiin-the-Ground Results to Measurable
Regional Outcomes” designed to assist in stoppavgndtream sediment migration could be
adapted to prioritize salmonid streams while alligvincreased sediment transport in other
streams. Such a tool would distinguish where renended practices should target fine
sediment while maintaining a supply of coarse sedinwversus those streams where it is
important to reduce all sediment sizes. Anothereru project, “Innovative Wetland Adaptation
Techniques in Lower Corte Madera Creek Watershail’'provide results that can be used for
one of the recommended actions in Table 2-12: “Igvmethods to reduce wind/wave action
on the front side of marshes”. The project inchideasurements for wind-wave propagation
and attenuation in the marsh as well as developasg practices for flood control.

Within each plan are a variety of additional oppoities for incorporating the workshop
results. The examples offered here are intende@nwonstrate the links, but are not
comprehensive. In addition to the adaptation ofemt management projects and strategies, this
study has identified sensitivities that may reqtive development of entirely new management
options. Planning for future projects should idgrdpportunities to fills those needs and test
new methods. Conflicting goals due to trade-offsuch as the simultaneous need to reduce
sediments in salmonid habitats, but increase caadienent transport to the Bay — will become
increasingly problematic with climate change. lkdiein some cases such trade-offs may
necessitate re-evaluation of habitat goals, and #weapplication of a “triage” approach to
prioritize certain habitats over others in the syst
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4. CONCLUSIONS

This report has described the results of a vulnkahssessment aimed at synthesizing
place-based information on the potential implicagiof climate change for key ecosystem
processes, with the intent of enabling managewmtiertake adaptation planning. The
assessment involved identification of key managédmeals and ecosystem processes,
conceptual modeling of those processes, a clinteiege sensitivity analysis in a workshop
setting, and discussions/analysis of the poteapalicability of the results for adaptation. The
workshop exercise — an expert elicitation sengyti@nalysis combined with management
discussions — tested a novel approach for conduttapid vulnerability assessments” for
ecological systems. The sections that follow disageneral observations, insights, and
conclusions that emerged from the workshop exerfrigm the analyses of management
implications, and from our assessment of the metlogy’s utility for potential use in other
locations/ecosystems.

4.1. INSIGHTS FROM THE WORKSHOP EXERCISE
4.1.1. Group Influence Diagrams

Figure 2-2 and Figure 2-8 were developed by thekglap participants based on edits to
straw man diagrams prior to the workshop, followgdyroup discussions and refinement of a
final group diagram during the workshop. While thain purpose of the group influence
diagrams was to establish a framework for the sylsat sensitivity analysis, these diagrams
represent key outputs in and of themselves. Thetoaction of the diagrams proved an
interesting group exercise in building a highly swained representation of a complex system,
with only the most critical elements and interr@aships included. The iterative process of
distillation into basic diagrams by the two intax@plinary teams of experts resulted in some
interesting differences in the Sediment Retentimth@ommunity Interactions diagrams.

The Sediment Retention group focused on the physicaponents of sediment
processes as the highest priority factors influggthe balance of salt marsh accretion and
erosion in their diagram, with less focus on biadagfactors. There appeared to be good
familiarity with each piece of the diagram acrobsreembers of the group; this allowed them to
be specific in defining (and hence envisioningeffects of) management-related variables
(levers), which may have contributed to the higloant of agreement in judgments during the
subsequent coding exercise. The participants tegdnat given more time they would have
distinguished between delta and local tributaryreedt and freshwater inputs, but were forced
to lump these due to the 15-variable constrainttand limitations. Nevertheless, they were
able to agree on an acceptable influence diagratiméoexercise, with a tractable number of
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unidirectional influence arrows and a few largedtegck loops to handle important bidirectional
influences.

The Community Interactions group was also succéssfgreeing on an acceptable
influence diagram for the exercise. However, tdegram was more complex, with a greater
mixture of both physical sediment processes (whmelmtain mudflats) and biological processes
(which affect shorebirds and their prey). In facget of variables similar to the Sediment
Retention group’s diagram was nested within the @amity Interactions diagram; but then the
Community Interactions diagram was expanded futihv@tso include a set of variables
representing the three biological communities (sbwds, prey, and predators). Due to this
greater complexity, the Community Interactions gretas forced to use two more boxes, a
larger number of influence arrows, and four bidiatal arrows, resulting in nine more
influence arrows than the Sediment Retention grotipe complexity also led to less time for
defining the management levers specifically, makimgore difficult to judge their effects.
These factors — combined with varying expertistnespecialty areas of sediment processes
versus ecological processes in this interdiscipfiggroup — may have contributed to the greater
numbers of gaps in agreement in the subsequentisaer

While the two groups had different experiences @rallenges in building their influence
diagrams, both groups were effective in generaingeful representation of their ecosystem
process for the sensitivity exercise. Participaaported that the highly constrained diagram-
building procedure challenged them to focus omtlost key elements of the system while still
maintaining a sufficiently realistic model for sésty analysis. Designing the diagrams while
considering current conditions, then applying clienscenarios to the same diagrams during the
sensitivity exercise, worked smoothly. The oneegtion was a disease variable in the
Community Interactions diagram that was not indhiginal diagram, but which emerged as
critical to the Community Interactions process urttle climate scenarios. This and other
complications could be avoided in future workshbpgproviding the participants with an
opportunity for one more revision of the diagrarfisrabeing briefed on the climate change
scenarios. This would allow them to account fawtoture climate might raise additional
variables for priority consideration in the diagsam

4.1.2. Characterization of Influences

One technique for ensuring the effectiveness oébglicitation is to break down the
problem (i.e., what are the climate change seits#tsvof the selected ecosystem processes) into
a set of distinct questions that clearly and explidefine parameters and relationships of
interest (see EPA’s white paperhdip://www.epa.gov/spc/expertelicitation/index.htnThis
was accomplished by way of a systematized codiegcese — using the influence diagrams as a
framework — in which the experts made a seriesiddients about individual components of
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the system, in order to better understand the syatea whole. For each individual influence
arrow in the diagram, each expert was asked tachenze the effect of variable “X” on the
response variable “Y”, including their confidencetihat judgment. Based on the results of this
novel methodology, some general observations efést have emerged.

Participant notes and discussions revealed thditdthr processes, while there are many
intermediate (and some high) sensitivity relatiopstamong variables that are useful to be
aware of for management, it was difficult to detgtanges in sensitivities across the scenarios
based on this method. Under the climate scenaasinfluence for the Sediment Retention
group became highly sensitive and four others skdoavieend (but no majority agreement)
toward greater sensitivity, but most of the sewisidis remained intermediate. For the
Community Interactions group, under the climatengjfgascenarios there were seven influences
that trended toward increasing sensitivity, buheitt majority agreement, while the majority of
influences remained intermediate in sensitivitylost agreement. It was noted that natural
variation in most of the variables is large enotlgit changes generated by the climate scenarios
would not be enough to move the variables outdide turrent range of variation. In other
words, a response in variable “Y” would need tmbtside the normal range of variation in
order to clearly detect a sensitivity thresholdngeaby way of the coding scheme that was used.
Only one threshold (Relationship DD, Table 2-10yswalicated through coding in the
Community Interactions group.

Yet outside of the coding exercise, there werecaitins based on participant notes and
discussions that additional potential thresholdtrehships do exist. Identifying thresholds is
challenging because while there may be generagretion of the potential for certain threshold
effects, it can be very difficult to identify wheamd when a threshold may occur. Multiple
potential thresholds were identified in both pr@sss through one of two ways. In some cases,
participants tried to indicate thresholds with tregnsitivity codes, but did so by including two
codes under each of the scenarios to signal umugrtes to when the threshold might occur.
Others did not indicate the threshold with theide® at all because they were not sure whether
the climate scenarios represented a big enouglyehtarcause threshold exceedance. In these
cases, the thresholds indicated in Table 2-6 amd wlamately identified through the
participants’ notes and discussions as relatiossigt could change dramatically at some point
that is currently difficult to define.

Another way of identifying relationships of partiauinterest for management is to
examine the relative impact of certain influencethie context of the whole process. For both
processes, under current conditions the influertk®dified as having primary impact tended to
include variables closer to the endpoints (Figuedhd Figure 2-11) compared to relationships
that emerged as high or increasingly-high impadeuriuture climate (Figure 2-6 and Figure 2-
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12). This implies that variables related to mamnaget levers may become increasingly
important as climate changes.

Finally, characterization of interactions and cdafice were also included in the
sensitivity exercise, with mixed results. Tryirmgdonsider interactive effects of multiple
variables moves the exercise to a much greater déwomplexity. The number of possible
pair-wise interactions in the influence diagramswaery large, and the challenge of
understanding combinations of effects could becweng complicated. Thus the participants
were not asked to attempt every possible pair-adsebination, but rather were asked to
indicate which interactions “leapt out” as well @nstood and important. Of course, even
looking at all pair-wise interactions would be @&tvaversimplification because variables interact
in greater multiples than just pairs. Nevertheledsle there were only a few pair-wise
interactions identified by enough participantstand out, at least these relationships are
sufficiently well understood to merit consideratiormanagement planning. With regard to
confidence, the exercise made a good start of adedlging the need to gauge confidence in the
judgments and providing a systematic way for d@aghowever, the large number data gaps
indicate that there were difficulties with this paf the methodology. Potential reasons for these
difficulties, as well as potential improvementsy@®een discussed in section 3.1.1.3. Both
interactions and confidence are concepts that hwetiter refinement and better estimation
methods before they can be effectively interprébednanagement planning.

4.2. APPLICATION OF WORKSHOP RESULTS
4.2.1. Top Pathways for Management

When using the workshop results, it is essentiakimine all three types of information
— influence type, sensitivity, and relative impaavhen thinking about management
applications. For some questions, one type ofmé&ion may be useful individually, but
because there are gaps and limitations within egmhof information, a more complete
management picture can be built using all threesypgether. It is helpful to focus on
influences that are well understood, become marsiteee, and have a greater impact under
future climate scenarios. In some cases, it isiptesto connect a series of influences that meet
these criteria to identify a path between the emd@nd a management lever. We have
presented what we consider to be three top pathfeaysanagement (Figures 3-3 and 3-4) for
each process based on the information currentlyadolka from the workshop results. These
delineate relatively well-understood relationshipst are climate sensitive and for which there
are consequent implications for management adaptati

The climate-related changes of interest in thepbways are of three main types: 1)
changes in relative impact under climate changehanges in sensitivity under climate change;
and 3) threshold shifts under climate change héncase of the influences for which relative
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impact is likely to increase under one or both fetcimate scenarios, and especially where
relative impact is already high under current ctiads, action could be taken immediately.
These are influences for which there is sufficiemilerstanding and opportunity to connect to
management options that favor desirable outcomiéls imcreasing relative impact on the
process as a whole as climate change continuesie lcase of influences for which an increase
in sensitivity is expected under climate changerehs still time to further study and anticipate
the degree and timing of the sensitivity and t@pre best management responses. An
expectation of increasing sensitivity could be ¢deed a notification to monitor and plan for
when and how management practices can be adjustatount for the impending change.
Finally, in the case of thresholds, there is ofiestrong expectation that a threshold shift is
likely, but usually a great deal of uncertainty@&xactly when the threshold will be crossed.
Monitoring of threshold variables is needed so thahagers will be alerted immediately to the
shift when it occurs. In the meantime, actions lsartaken to attempt to prevent the shift by
keeping the system “below” the threshold as longassible, while preparing a plan for what to
do if an unavoidable shift occurs. After a shiftors, managers should have a plan as to how
they will manage the system differently in its ngtate, or whether they will take no action and
instead shift their priorities to other goals.

It is important to note at this point that eachhpaty also sits in the context of other
influences with which there could be key interagtioso there may be opportunities for
management options beyond those most directly avfdem the main pathways. Also, in the
case of other management pathways for which therewrently information gaps based on the
workshop results, it is vital to remember that latlagreement does not mean zero
understanding of influences or zero degree of seitgi Closer inspection can show that the
agreement may be split between intermediate arfdd@gsitivity, so the understanding that the
sensitivity of the influence is important may besobred by the distinctions between categories.
It is of note that for influences for which therasvagreement, the variation among participants
was greater than that between scenarios. Thisldmutue to a number of reasons: a limited
range between the two mid-century climate scenatti@snumber of assumptions each
participant was required to make individually faich judgment; and the interdisciplinary and
complex nature of the questions. This is an irtchoahat these types of questions do not lend
themselves to consulting a single expert, but rathguire the combined judgments of a group of
experts to complete the full picture. This alsghfights the need for caution against relying
solely on combined (agreement) information: theireabf the variation across participants is
also important to consider. Equally importantis aipplication of local expertise when further
examining the results of this study; the local ngamas the best expert on his or her unique
system and should thus apply an appropriate fitegn making final interpretations and
decisions based on these results.
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4.2.2. Mainstreaming Adaptation into Planning

The vulnerability assessment results for the twasgstem processes presented here are a
big first step in the climate change adaptatiomipilag process. We have given examples of
ways to tie the vulnerability assessment resulfsotential management options as a starting
point, but incorporating adaptation fully into mgeanent planning will require a more
systematic and comprehensive process. Plannengiigrative process, especially for climate
change adaptation, which is still a nascent fighdie to this iterative nature, the planning
recommendations presented here are based on reamstg (continuously integrating)
planning into existing planning mechanisms and duents, rather than developing a
comprehensive, stand-alone adaptation plan. FEPSRearer-term planning includes a multi-
year Strategic Plan and an Annual Work Plan, bbtkhach provide ways to insert specific
management options into projects that are curremtierway. In future plans, new projects that
specifically incorporate climate adaptation priestcan be added. Repeating vulnerability
assessments (once management options have beshttesugh project implementation) should
be part of the iterative process. Finally, thigdstonly covered two ecosystem processes and did
not attempt to evaluate relative vulnerability esilience across different ecosystem processes.
The vulnerabilities of additional ecosystems, psses and goals will need to be assessed, taking
into account what was most useful in the resulthisfstudy for adaptation.

Thresholds remain a major unknown, and while mwahle done to improve our
understanding of factors affecting thresholds, somag only be revealed after they have been
crossed. Thus it would be advisable for monitoptans to be put into place to track indicators
of state changes. Contingency plans for manageawtions once a system has changed states
could be developed, as well as contingency planfingays to respond to catastrophic events
such as levee failures or earthquakes. Succeasgildmentation of contingency responses will
require that the political and scientific base heipto place now for responding properly
following catastrophes or threshold changes. émntleantime, when prioritizing implementation
of adaptation actions, it is advisable to starhw¥in-win options that contribute to current
management goals and efforts while also respordiegrrent and future climate change. For
example, working now to proactively move highwawgs aailroads that are barriers to marsh
migration where there is otherwise space for mignais not only advantageous for marshes, but
will also prevent damage and disruption to humandportation and infrastructure as inundation
from sea level rise continues. Likewise, the pcacdf working with authorities in flood control
districts to re-couple streams to wetlands will aoly benefit wetlands but will also improve
natural flood control services.

Looking beyond the win-win options, many other @t will force managers to confront
trade-offs that will require difficult policy deaens. One example highlighted in sections 2.4.2
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and 3.2.2.1 is the trade-off between increasingseosediment supply from tributaries, which
comes into conflict with current sediment reductefforts for salmonid streams. While a first
step is to set up different best practices for salchand non-salmonid streams, beyond that
there may come a decision point when it is no lopgssible to meet both goals, so a choice
between the two conflicting goals will be necessakg climate change progresses, there are
likely to be more trade-offs, often between shod bbng term goals. Mainstreaming adaptation
planning will provide a better chance of foreseaingflicts between long and short term goals
and identifying opportunities to build support faard decisions and creative solutions.

4.3. GENERAL CONCLUSIONS
4.3.1. Transferability of Results and Method

The results of this study were developed for twecHr ecosystem processes within two
ecosystems. Therefore the question arises asndrhasferable the results may be. The
sensitivities examined in this study are spectise@diment retention in salt marshes and
community interactions of shorebirds in mudflatsttse characterizations of influence type,
sensitivity and relative impact cannot be transf@mirectly to other ecosystems and do not
apply to different processes within these ecosysteHowever, an example site was used as a
way to focus the exercise and was chosen as aseyetive example of intact ecosystems, thus
the results could be transferable to other North IBaations in which the same ecosystem
processes are present. The variables that endectiug group influence diagrams are general
enough that most of the results may transfer tetitge Bay, with only a few specific enough to
only apply to the North Bay. In addition, it i&dily that the influence diagrams could also be
transferred for use with like ecosystems in ottstua@ies, with minor revisions for place-specific
stressors or other process variables. The chaizatiens of influence type, sensitivity and
relative impact would have to be revisited, pattcto that location.

Where the specific results are not transferabkentkethodological process is certainly
transferable to other processes, ecosystems aatioos. The methodology used for this
assessment — an analysis of key ecosystem prodbssegh expert elicitation — is a useful
framework for understanding the current state @idedge and research. The experts in this
study were able to share their combined understgnafi key processes and how they are
expected to respond to climate change. The erpeitation process also helped to identify
where key gaps in understanding exist, what typesdarch is necessary, and how management
should proceed. This methodology is transferrabtbat the process used to compile, distill,
and assess key information can be replicated. rErpeitation is used in many fields of study
and has been demonstrated here to be useful instadding localized climate change impacts.
Experts can think integratively across studies@irdiplines and often have access to more
current research and data than is currently availabpublished. As the climate change
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research is consistently evolving, this type ofcess is useful for synthesizing the most current
information available. However, as climate charegearch is consistently changing, new
information and research will need to be integrateacurrent with management decisions.

4.3.2. Utility of Method for Rapid Vulnerability Assessments

Given that the method is transferable, the questfartility arises: in what cases is this
method advantageous? This method could be repesahere as a “rapid” vulnerability
assessment, with opportunity for some of the impnoents that have been suggested for some
of the limitations. By rapid, we mean assessmanaiscan be carried out within six months to a
year, as opposed to assessments based on detalatitative modeling that can take many
years. Another advantage is that this methodles talbcapture more recent knowledge than
would be available from a literature review. laiso better able to capture more knowledge of
the type that is closely related to managementchvis less frequently published than scientific
studies. Finally, the information is more integaticross disciplines and scales and is designed
to better match the scale of adaptation decisitmsome cases new insights about management
effectiveness may arise while in other cases exjsinderstanding may be validated. Having a
well supported study to substantiate new and exjstleas can position managers to justify the
most appropriate management options and prioriieslso can validate research priorities by
highlighting known research gaps.

The disadvantages are that this method is design®dus only on a specific piece of the
system, compared to initial assessments that offgron surveying the system more
comprehensively (though less deeply), often thrditghature reviews. The amount of caution
required to properly interpret the results is apotiisadvantage, given multiple limitations and
caveats. The method is not intended as a consersusse, and the large number of influences
without agreement present challenges to eithethiilbe research gaps to improve agreement or
to manage around limited information. In addititins is only one group of experts, and another
group could reach different conclusions. Groupa@n is critical to making sure appropriate
areas of expertise and conflicting views on theesysare represented. This is another reason
why in addition to looking for areas of agreemeéiné results of individual judgments should also
be examined. Atthe same time, since no partitipam have complete expertise in every facet
of a system, it is also important that participarase the opportunity to confer amongst
themselves and adjust their judgments based ontiwbgiearn from each other.

Nevertheless, the expert elicitation method dewetddpr this study was well suited for
achieving the purpose and goals of the assessrireatdition to achieving the workshop goals,
several unexpected benefits emerged from the wogksParticipants reported that the
combination of the development of the influencegdhans with systematic judgments facilitated
thinking about the system and questions of clinshnge vulnerability in a different way than
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they had previously. Several expressed an intemtiexplore adapting the method for use in
other workshop or classroom settings. Many paaicts found that the multidisciplinary
interactions with colleagues were a valuable, paaklearning experience and that the group
together generated new insights about the systenfirdes to management that may not have
been seen by individuals. In short, the methodadestnated in this project offers opportunities
to capture and integrate the existing collectivevdedge of local experts, while pushing the
boundaries to develop a new understanding of teeesyand management options in the face of
insufficient data and deep uncertainty about futlireate.
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APPENDIX A. DEVELOPMENTAL PROCESS FOR
CLIMATE READY ESTUARIES VULNERABILITY ASSESSMENT

A.l. SELECT KEY GOALS, ECOSYSTEMS, AND ECOSYSTEM PROCESSES

The SFEP partners participated in several discnssiod meetings to outline
management priorities, key resources to consutt,atimer considerations for selecting key goals
for the assessment. As a starting point, SFEPtaEehensive Conservation and Management
Plan (CCMP) (SFEP, 1993; SFEP, 2007) was examinédiscussed to select four to six key
management goals as a focus of the assessmerge gbals would help to further refine the
analysis to specific ecosystems, ecosystem progestsessors of concern, and indicators for
measuring changes in the ecosystem. Selected em@eag goals included:

« Restore healthy estuarine habitat to the Bay-D&dtang into consideration all
beneficial uses of Bay-Delta resources;

« Stem and reverse the decline of estuarine plastsahd wildlife and the habitats on
which they depend;

« Ensure the survival and recovery of listed and ©atd threatened and endangered
species, as well as special status species;

« Protect and manage existing wetlands; and

« Restore and enhance the ecological productivitytenttat values of wetlands.

Following an October 2008 kickoff meeting with 0\3€F local experts to share
information on climate change impacts and adaptatiork in the region, salt marshes and
mudflats were selected as two wetland habitate@id for the project. These systems were
identified by the local experts as highly relevenSFEP’s management goals due to their
ecological productivity and their habitat values tfireatened and endangered species, and are
deemed highly sensitive to changes in climate-edl&ariables such as sea level rise and altered
hydrology. In order to explore the linkages amengh climate-related variables, their
interactions with non-climate stressors of concan the key ecosystem processes that
maintain the systems, a conceptual model was deeéltor each ecosystem type.

A.2. CONCEPTUAL MODELS

The conceptual models were intended to serve asreefvork for further analysis in the
vulnerability assessment. The models depictedylipathways by which climate drivers may
directly or indirectly affect interacting stresséhat impact ecosystem processes. The process is
intended as iterative, as we learn from explorhgfirst two ecosystem processes, next steps
can involve focusing on additional ecosystem preegsor for repeating a similar analysis for
additional habitats. The development of the congdpnodel has also served to help with the
scoping process; we began with a comprehensiveflstosystem processes and indicators and
then chose those more important to and best ragregehealthy salt marsh functioning. The
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total number of possible ecosystem processes weaswed down to five or six key ones for the
ecosystem. The models also included a similar rurabvariables that may serve as indicators
for the status of these endpoints. Ecosystemegsss and indicators were identified in
discussions among SFEP, BCDC, and EPA ORD, asas¢lirough examination of the Delta
Regional Ecosystem Restoration Implementation Blaohceptual models developed by the
CALFED Bay-Delta Program (Schoellhamer et al., 20Q07eib et al., 2008). To ensure
consistency with current research, these indicatere cross-walked with indicators developed
for the Watershed Assessment Framework, which tveireg incorporated into a revision of
SFEP’s CCMP (San Francisco Estuary Indicators T2&03).

Stressor interactions are stressors that work hegeéd affect ecosystem functioning.
These included both non-climate and climate-relatidences that stress salt marsh and
mudflat ecosystemsPre-existing stressors and stressor interactioms igdentified during the
development of salt marsh and mudflat conceptualeisp and impacts of these stressors of
concern were identified using the SFEP CompreherSanservation and Management Plan.

Climate drivers are climate variables that may iotg&osystem processes directly (e.qg.,
raise water temperature) or indirectly (e.g., casnges in nutrient inputs). The climate
drivers relevant to salt marshes and mudflats wanetified by first examining climate drivers
for estuarine systems outlined in Synthesis ane&#saent Product 4.Breliminary review of
adaptation options for climate-sensitive ecosystems and resources (CCSP, 2008a), followed by
extensive discussions among the SFEP partnersclifhate drivers were then mapped to the
key processes of each ecosystem, either directlyrough interactions with pre-existing
stressors. These pathways provided the basibdéaldvelopment of the conceptual models. The
pathways included are intended as a heuristic,owitdistinguishing between the magnitudes
between them. It is not possible to include aligible system components and connections
between them. General models are first preseatetthen additional detail for individual
ecosystem processes is described in the two sulelmod

A.2.1. General Models
A.2.1.1. Salt Marshes

The general model for salt marshes in present&igure A-1. Climate drivers in the salt
marsh conceptual model include: changes in air éeatpre, changes in precipitation, sea level
rise, and changes in storm climatology and wintiar@@es in air temperature refers to the
variation from the climatological mean surfacetamperature in a particular region. Changes in
precipitation refers to variation from the climatgical mean of the amount, intensity, frequency
and type of rainfall, snowfall and other forms wiZen or liquid water falling from clouds in a
particular region, changes refer to both the foru #how of precipitation. Sea level rise is
defined as “relative sea-level rise,” the changsea level relative to the elevation of the
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adjacent land, which can also subside or rise dumatural and human induced factors. Relative
sea-level changes include both global sea-levelai®l changes in the vertical elevation of the
land surface. Changes in storm climatology andiwefers to the variation from the
climatological mean of the frequency, intensity agation of extreme events (such as
hurricanes, heavy precipitation events, droughdf haves, etc.) and the changes in the direction
and timing of the dominant seasonal winds.

Figure A-1. Salt Marsh Conceptual Model.

Stressor interactions within the salt marsh congdpnodel include: changes in water
temperature, changes in salinity, sedimentationesasion, flooding, invasive species, other
human uses, land use/land cover change, contarsjreart altered flows/water demand.
Changes in water temperature refers to variatidgherclimatological mean surface water
temperature in a particular region. Changes imisalre measured by changes in the location
along the estuary of different salinity zones (gglyhaline, mesohaline, and oligohaline), or
changes in vertical stratification based on salinfedimentation and erosion includes the
transport, deposition, and removal of soil and rogkveathering, mass wasting, and the action
of streams, waves, winds and underground wdtkroding is defined as an excess of water that
does not recharge ground water beyond time fragpesatl for watersheds due to high
precipitation events, storm surge, or infrastrue@mage Invasive species are alien species
(species not native to a particular ecosystem) wintsoduction causes, or is likely to cause,
economic or environmental harm or harm to humaitthe®ther human uses is a catch all
category based on the CCMP which includes the tideeanarsh and surrounding area for
activities such as fishing, shipping and portsddneg, transportation projects, sand mining,
recreational use, marinas, and industrial usesmlagtimpact the marsh. Land use/land cover
change is defined as the current use of marsh améi-induced changes to the marsh or
surrounding land, including wetland alteration axgansion of the built environment.
Contaminants include material that creates a hapaitte ecosystem by impairing water quality,
poisoning or through the spread of disease (e gr¢uny, selenium, PCBs, DDT, chlordane,
dieldrin, dioxin, trash and debris, and acid mingage). Altered flows/water demand includes
upstream water diversions for agricultural, indastor urban uses that change the natural flow
of freshwater and sediment into the marsh, inclgdigveeing, diking, damming, filling, or
channeling.

Ecosystem processes in the salt marsh conceptw@lnmzliude: community
interactions, primary productivity, sediment retent water retention, nutrient cycling, and
water purification. Community interactions is aefd as the interrelations among species within
the ecosystemPrimary productivity is the production of energyignts and phytoplankton

within the entire systemSediment retention is the balance between the gseseof removal
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and deposition of suspended sediméffater retention is defined as the capability tadyuf
against flooding.Nutrient cycling is the process of transfer of rartts between organisms and
the water.Water purification is defined as the removal ofigiaints and harmful
microorganisms.

Indicators within the salt marsh conceptual modelude: species population size, water
quality standards, freshwater inflow, sediment quxarextent of aquatic habitat, and
biodiversity. Species population size is defined as the numbsinafar organisms residing in a
defined place at a certain time, including threateand endangered species, native species, and
invasive speciesWater quality standards are provisions of Statéemteral law which consist of
designated uses for waters of the United Stateswater quality criteria for such waters based
upon such uses. Criteria address the values ftarwaality indicators (e.g., water temperature,
salinity, water contaminant exposure, biologicaé#inolds for water contamination, nutrient
concentrations, water toxicity) that are requiredupport designated usdsteshwater inflow is
the amount of freshwater inflow to the estuary fribia watershedSediment quantity is defined
as suspended sediment concentratiéxtent of aquatic habitat is defined as the areallof
contiguous, vegetated salt and brackish wetlantheman width of marsh (may be divided into
low or high marsh or by dominant specieBjodiversity is the presence and abundance of
different species types (e.g., fish, birds, SAV).

The salt marsh conceptual model focuses on a linmtember of ecosystem processes
that are key to the habitat and regidn.some instances, a component of the system ray fi
roles at multiple levels, and the model does nptegent all possible roles a particular
component may fill. The model does not take the cumulative effectdiwfate stressors or
tipping points/critical thresholds into accouiithe model does not include ocean acidification as
a climate driver, as current understanding of ealtshes indicate it as secondary compared to
the other stressors.

A.2.1.2. Mud Flats

The general model for mudflats is presented inf@g\+2. Climate drivers in the
mudflat conceptual model include: changes in anperature, changes in precipitation, sea level
rise, and changes in storm climatology and wintiart@@es in air temperature refers to the
variation from the climatological mean surfacetamperature in a particular region. Changes in
precipitation refers to variation from the climatgical mean of the amount, intensity, frequency
and type of rainfall, snowfall and other forms wizZen or liquid water falling from clouds in a
particular region, changes refer to both the fornu #how of precipitation. Sea level rise is
defined as “relative sea-level rise,” the changseea level relative to the elevation of the
adjacent land, which can also subside or rise dumatural and human induced factors. Relative
sea-level changes include both global sea-levelai®l changes in the vertical elevation of the
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land surface. Changes in storm climatology andiwefers to the variation from the
climatological mean of the frequency, intensity aldation of extreme events (such as
hurricanes, heavy precipitation events, droughdt naves, etc.) and the changes in the direction
and timing of the dominant seasonal winds.

Figure A-2. Mudflat Conceptual Model.

Stressor interactions within the mudflat conceptoatiel include: changes in water
temperature, changes in salinity, sedimentationesasion, flooding, invasive species, other
human uses, and contaminan@hanges in water temperature refers to variatigdhen
climatological mean surface water temperatureparéicular region. Changes in salinity are
measured by changes in the location along the ystdaifferent salinity zones (e.qg.,
polyhaline, mesohaline, and oligohaline), or changevertical stratification based on salinity.
Sedimentation and erosion includes the transpepgsition, and removal of soil and rock by
weathering, mass wasting, and the action of streasanges, winds and underground water.
Flooding is defined as an excess of water that doesecharge ground water beyond time
frames typical for watersheds due to high predipitaevents, storm surge, or infrastructure
damage.Invasive species are alien species (species ngertata particular ecosystem) whose
introduction causes, or is likely to cause, ecomomnienvironmental harm or harm to human
health. Other human uses includes the use of titshrand surrounding area for activities such
as fishing, shipping and ports, dredging, trangmm projects, sand mining, recreational use,
marinas, and industrial uses that may impact thesimaContaminants include material that
creates a hazard to the ecosystem by impairingrwgatdity, poisoning or through the spread of
disease (e.g., mercury, selenium, PCBs, DDT, chlweddieldrin, dioxin, trash and debris, and
acid mine drainage).

Ecosystem processes in the mudflat conceptual mocdede: community interactions,
primary productivity, biomass, nutrient cycling,dakey species. Community interactions is
defined as the interrelations among species witlerecosystemPrimary productivity is the
production of energy by plants and phytoplanktorhw the entire system. Biomass is the total
mass of biological material within the system othivi a particular category or group. Nutrient
cycling is the process of transfer of nutrientsaeetn organisms and the watétey species are
species which serve as a foundation for other spaifill a similar pivotal role for the rest of
the ecosystem (e.g., ecosystem engineers). lodscaithin the mudflat conceptual model
include: species population size, water qualitpgdtads, extent of aquatic habitat, and
biodiversity. Species population size is defined as the numbsinafar organisms residing in a
defined place at a certain time, including threateand endangered species, native species, and
invasive speciesWater quality standards are provisions of Statéeateral law which consist of

designated uses for waters of the United Stateswarter quality criteria for such waters based
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upon such uses. Criteria address the values ftarwaality indicators (e.g., water temperature,
salinity, water contaminant exposure, biologicaé#iolds for water contamination, nutrient
concentrations, water toxicity) that are requiredupport designated usdsxtent of aquatic
habitat is defined as the area of all contiguoeggetated salt and brackish wetland, or mean
width of marsh (may be divided into low or high taor by dominant speciesiBiodiversity is
the presence and abundance of different species {gg., fish, birds, SAV).

The mudflat conceptual model focuses on a limitechiner of ecosystem processes that
are key to the habitat and regioim. some instances, a component of the system rhaglés at
multiple levels, and the model does not represikpbasible roles a particular component may
fill. The model does not take the cumulative effectdiwfate stressors or tipping points/critical
thresholds into accouniThe model does not include ocean acidification elén@ate driver, as
current understanding of salt marshes indicate #eondary compared to the other stressors.

A.2.2. Sub-models

Following the development of the general ecosysterdels, one ecosystem process
within each model was chosen to move to the spsdifir an individual ecosystem process. The
purpose was to select good processes for pilotiagrtethod, but the choice does not imply that
these are necessarily the only important, or thetmalnerable, processes. Sediment retention
was identified as a key salt marsh process beaHube importance of sediment supply to allow
for marsh development and growth. In the Bay,reedt supply has been declining due to
changes in human activities and the use of the daadvaterways (Jaffe et al., 1998; Wright and
Schoellhamer, 2004). SFEP, BCDC, and other regmardners have done extensive work on
examining changes in sediment and how these changg®e influenced by changes in climate.
This provided the basis for the development ofsiadiment retention submodel.

Community Interactions was chosen as the secorglystam process of focus. To select
a specific well-constrained “storyline” of interamis between 2-4 species for this process, ICF
and EPA consulted with SFEP, BCDC, and regionakesmn key sensitivities for this process
within the Bay system. The shorebird and mudilatesraction was selected for further study
because of the priority status of key species haatlimate sensitivities that structure the system.
As mudflats may be one of the habitat types mobterable to climate changes (especially sea
level rise) the interactions among wading shorebivdre identified as a key process for study.
This provided the basis for the development ofddvmunity interactions submodel.

A.2.2.1. Sediment Retention

The sediment retention submodel is presented iar€ig-3. It focuses on the balance
between the processes of removal and depositisadiment onto a salt marsh and the resultant
ability of the marsh to persist in the face of @dmchange. The accumulation of sediments and
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marsh vertical accretion result from interactionsag tidal imports, vegetation dynamics, and
depositional processes. Freshwater flow and cloststans transport and deposit sediments onto
the marsh surface, and the roots and stems of magsation retain sediment that would
otherwise be carried away from the marsh by wirdlwaves. Over time, the accumulation of
dead and dying organic matter produces peat, andaimbination of peat accumulation and
sediment deposition gradually builds up the matsfase. Ultimately, it is the balance between
marsh vertical accretion and sea level rise thagrdenes whether a tidal marsh will persist in
the face of rising seas or will convert to tidaitl or open water (Reed, 1995).

Figure A-3. Sediment Retention sub-model.

In the San Francisco Estuary, there is an annu ©f sediment deposition and
resuspension that begins when freshwater flow fiteerDelta in winter carries pulses of
sediment to the bay. Most of this new sedimedejsosited in shallow areas and where tidal
velocities are lower. In spring and summer suspdrsgdiment concentrations increase again as
a result of wind-wave resuspension of bottom sedtsgruhl and Schoellhamer, 2004).
Sediment supply will play an increasingly criticale in this process. The supply of sediments
is declining as the estuary completes the shifhfeosystem with larger sediment loads as a
result of past hydraulic mining to one that has@uced sediment supply due to the cessation of
mining and an increase in tributary dams that segiment upstream (Jaffe et al., 1998; Wright
and Schoellhamer, 2004).

A number of key climate variables (air temperatprecipitation, storm climatology and
wind, and sea level rise) and interacting humasssbrs (e.g., altered flows, dredging/dredge
disposal, land use/land cover changes) may impacptocess, either directly or indirectly.
Increases in winter storms and in strong wind-drive@ves may increase erosion of uplands,
increasing sediment availability. The North Bag h@come somewhat erosional because of an
altered balance between riverine sediments andnsediitransport. Storms and storm surges
may also carry more sediment away from marshesoongte resuspension of bottom sediments,
leading to increased suspended sediment concemsatediment deposition and retention on
the marsh surface will ultimately depend on mamsbngorphology and surface vegetation (Orr
et al., 2003).

A.2.2.2. Community Interactions

The community interactions submodel is presentdedare A-4. This submodel
focuses on community interactions between two gseai mudflat wading birds, the Marbled
Godwit and the Western Sandpiper, and their preslaiod prey. Inundation and sediment
regimes influence not only mudflat extent, but atsadflat trophic dynamics (Takekawa et al.,

2006a). The trophic structure of North Bay mudfliaicludes invertebrates within mudflat
This document is a draft for review purposes only and does not constitute Agency policy.
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sediments, shorebirds that feed on mudflat infg&tenzel et al., 2002), and Peregrine Falcons
and Merlins, which prey on shorebirds (Page andt&¢he, 1975; Ydenberg et al., 2004).

Figure A-4. Community Interactions sub-model.

A number of key climate variables and interactingnlan stressors (altered flows,
dredging, land use/land cover changes) may impasettrophic interactions, directly or
indirectly. Depending on sediment supply, increasendation from sea level rise may drown
mudflats, while an increase in winds and wave adtiom more frequent and intense storms
may change sediment deposition patterns. Becaspesded sediment concentrations are
sensitive to the extent and elevation of mudflassmudflat elevations decrease, suspended
sediment concentrations may decrease over timeef@ir, 2003). If sediment deposition does
not keep pace with sea level rise, mudflat inveetds will become less available for shorebirds.

There is limited information on shorebird diets,king it difficult to group shorebirds by
prey type, but shorebirds can be distinguisheddasehe depth at which they probe into the
sediment for prey. Short-legged shorebirds thashallow probers, represented by Western
Sandpiper, forage in the top layer of sediment3 ¢n) and will lose foraging habitat first. But
eventually mudflat invertebrates will also becomacicessible to long-legged deep probers,
represented by Marbled Godwit, which penetrateoup ¢m into the substratum (Takekawa et al.
2006a).

A.3. CONCLUSIONS

The analysis of available data for potential inthestand of existing models indicated
that there was insufficient information availableretrics for the indicators to answer the
sensitivity questions of this assessment usingtifaéime modeling. However, it was also
evident that a vast amount of information local Wiexlge was available through consultation
with regional experts in the processes of inter@siis led to the development of the expert
elicitation workshop approach described in Chaptef this report. The workshop was meant to
serve as an opportunity to supplement current kedgé based on background research and
examine potential changes that may occur due toatdi influences. The conceptual diagrams
described above provided the basis for the devetopf the initial influence diagrams used at
the workshop (as described in Chapter 2 of thisntg¢jas well as context for how these
ecosystem processes of focus fit with the resh@fetcosystem.
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B.1.

APPENDIX B. EXPERT ELICIATION WORKSHOP PREPARATION
AND IMPLEMENTATION

PRE-WORKSHOP

B.1.1. Selecting Workshop Participants

The SFEP partners developed a list of criterissébecting highly qualified local experts

who spanned the range of disciplines, science arhgement continuum, and empirical versus
theoretical research experience needed to coltdgtoharacterize the ecosystem processes under
consideration. Criteria for selecting participamsuded:

« Demonstrated understanding of the body of liteetuth regard to sediment
retention OR community interactions (depending dcty breakout group), as
evidenced by academic training, research, and gatidns;

« Demonstrated ability to think of uncertainty in ¢tadive terms ;

« Knowledge of science behind estuary managemeet/idenced by academic
training, research, and publications;

« Knowledge of estuary management issues as eviddrycadademic training,
research, and publications;

« Past work in SFEP region; and

« Past work with salt marsh development/sedimenntiete processes (the balance of
sediment supply versus loss) OR mudflat developfo@mmunity interactions
(interactions of shorebirds and their predatorseg), depending on the candidate’s
proposed breakout group.

These criteria were considered in developing afisfualified candidates for each

breakout group. Candidates were then contactddteymine their availability and interest in
testing a new method for vulnerability assessm#vbrkshop participants included the
following individuals:

Sediment Retention Breakout Group

Dave Cacchione, U.S. Geological Survey

John Callaway, UC San Francisco

Chris Enright, CA Department of Water Resources
Bruce Jaffe, U.S. Geological Survey

Lester McKee, San Francisco Estuary Institute
Dave Schoellhamer, U.S. Geological Survey

Mark Stacey, UC Berkeley
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Community Interactions Breakout Group:
Letitia Grenier, San Francisco Estuary Institute
Jessica (Jessie) Lacy, U.S. Geological Survey
Michelle Orr, Philip Williams & Associates
Diana Stralberg, PRBO Conservation Science
Stuart Siegel, Wetlands and Water Resources
Lynne Trulio, San Jose State University

Isa Woo, U.S. Geological Survey

The expertise of each of the individual particigactntributed to the interdisciplinary
complexity of the group. Experts were selectedhftbe management and adaptation research
communities, and represented federal and stategment agencies, research and consulting
organizations, and academia. The credentialsach ef the participants, including past and
current work and research and areas of expertisesuanmarized for the Sediment Retention
group in Table B-1, and for the Community Interacs group in Table B-2.

Table B-1. Sediment Retention breakout group partipants, affiliations, and
gualifications

Table B-2. Community Interactions breakout group rticipants,
affiliations, and qualifications

B.1.2. “Straw Man” Influence Diagrams

An initial “straw man” influence diagram (Figure Band Figure B-2) for each breakout
group was developed by ICF, EPA ORD, SFEP, and BEB& to the workshop based on the
more detailed salt marsh and mudflat conceptualetsaahd sediment retention and community
interactions submodels developed previously (sggeAgix A). The “straw man” influence
diagrams differed from the more comprehensive qotueg models in that they focused on only
those elements of the model that participants belege most critical for understanding
responses of the ecosystem process to the humatlimnade stressors under consideration. The
“straw man” influence diagrams were used in thevpoekshop briefing and homework
assignment in order to further refine the sedimet&ntion and community interactions influence
diagrams.

Figure B-1. Sediment Retention “straw man” influerce diagram.

Figure B-2. Community Interactions “straw man” influence diagram.
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B.1.3. Pre-workshop Briefing and Homework Assignmein

Participants participated in a pre-workshop brigfall and a homework assignment that
would be used to develop consolidated influencgrdias to be used at the workshop. The pre-
workshop briefing call was held on March 2, 20This call gave participants a briefing on the
background of the project, work to date, the puepaflsthe workshop, and an overview of the
homework assignment. Part of the background mafmeaented was information on an
example site for participants to consider when nepagial specificity would be useful during the
workshop exercise. China Camp, a site on the saghshore of San Pablo Bay, was chosen
because it includes large wetland areas in a tranal salinity zone with intact adjacent
habitats.

The homework assignment asked participants toweaiaumber of items: (1) selected
articles relevant to the ecosystem process breajoup to which they were assigned (for the
Sediment Retention breakout group: Orr et al., 260$I and Schoellhamer, 2004; and Wright
and Schoellhamer, 2004; for the Community Intecextibreakout group: Galbraith et al., 2005;
Takekawa et al., 2006; Page and Whitacre, 1975Saenkzel et al., 2002); (2) conceptual models
of the ecosystem and ecosystem process to whighatbiee assigned; and (3) the draft influence
diagram for the ecosystem process to which thegwassigned. Participants were asked to
review the draft influence diagram and provide reoeendations on what should be added or
removed. Participants were asked to add or subtaai@bles or relationships until the
preliminary influence diagram matched their underding of the process. We asked
participants to include no more than 10-15 varislntethe diagram in order to keep it focused on
the highest priority influences. We also askedip@ants to focus on current conditions
(including current climate) when reviewing and coemting on the diagram.

Participants were asked to provide a quantitatefendion for each variable, a metric for
measuring the variable, and a range of valueh®ntetric. Participants were also asked to
assign values to the metrics they selected. Tdu&danclude actual measured values (e.g., 35
km? of inflow) as well as a range of values (e.g., 5adknT of inflow).

B.1.4. Consolidated Influence Diagrams

The preliminary diagram for each breakout group me&ssed prior the workshop based
on the participants’ homework responses. The poe/olved examining the participants’
responses and constructing a tally of the varialées! and influences (arrows) included.
Variables and influences that were most frequerdsacall responses were included in the
consolidated influence diagrams. For the bothlSeediment Retention and Community
Interactions groups, all but one of the particiggamovided comments on the preliminary
influence diagram. Based on the responses frompdheipants, consolidated influence
diagrams were developed for the workshop.
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B.2. WORKSHOP
B.2.1. Group Influence Diagrams

Group influence diagrams were developed durinditeeday of the workshop. Within
their breakout groups, the participants discuss®dthe consolidated influence diagrams should
be refined for use as a final “group” influencegteam. The participants added, removed, or
redefined variables based on a group discussitie. gfoup diagrams were to become the basis
for the expert elicitation exercise of assigninggments about influences among variables. The
Sediment Retention and Community Interactions gtatipence diagrams are provided in
Chapter 2.

B.2.2. Introduction to Climate Scenarios and Confience

The participants received two handouts designediémt them to the climate scenarios
and to the methodology for assessing confidend® fifst handout contained a summary of
Climate Scenarios A and B, which was used by theqggaants in assessing the sensitivity of salt
marshes and mudflats across a range of plausief@sos of climate change. It explained the
development of two climate futures in a mid-cent{2§35-2064) time frame. Participants used
these scenarios on Day 2 to make new judgments a@upo their judgments under “current
conditions” on Day 2. The full climate scenari@tout can be found in Appendix C.

The second handout presented explanatory informatid a coding scheme for use by
the participants in assessing their confidencashef their judgments under both current
conditions and under Climate Scenarios A and Be fH handout may be found in Appendix
D.

B.2.3. Coding Exercise

Following the development of the group influencagidams, participants were asked to
make their individual judgments on the diagram gshre coding scheme. As described in
Chapter 2, the participants used the coding schem&ke judgments on the following: (1) type
and degree of influence for each relationship idetuin the influence diagram; (2) the
associated confidence for each influence judgn{8htype of interactive influences for
relationships of their own choosing; and (4) theoagated confidence for each interactive
influence judgment. These judgments were donedment conditions (on the first day of the
workshop), and Climate Scenario and Climate Scer{an the second day of the workshop).
Example handouts that participants used to makejtlitggments are provided in Tables B-3, B-
4, and B-5.

Table B-3. Example of expert elicitation handoutdr influences under
current conditions (Sediment Retention group)
This document is a draft for review purposes only and does not constitute Agency policy.
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Table B-4. Example of expert elicitation handoutdr influences under
climate scenarios (Community Interactions group)

Table B-5. Example of expert elicitation handoutdr interactive influences
under climate scenarios (Sediment Retention group)

B.2.4. Variation Across Participants in Sensitiviy Judgments

For both the Sediment Retention and Community &uisons groups, variability among
participants in their judgments contributed to laflagreement on sensitivities for some
influences. Figure B-3 presents the full rangeasfation among participants of the Sediment
Retention group by showing the same trio of figuaeshown in Figure 2-4, but broken out for
each individual participant. Looking across a# harticipants, there was more variability
between participants than across scenarios fogaey participant. There were no patterns
across participants, such as characterizing omleasing sensitivity. The changes across the
scenarios made by Participant 3 were of only irgingpsensitivity, Participant 1 only had one
change to decreasing sensitivity, and Particip2néand 7 had both increases and decreases,
sometimes across the scenarios for one influeRegtipants 4 and 5 made no changes in
sensitivity across the climate scenarios.

Figure B-3. Sediment Retention influence diagramef sensitivities: variance
across participants.

For the Community Interactions group, Figure B-dsants the full range of variation
among participants by showing the same trio ofreglas those shown in Figure 2-10, but
broken out for each individual participant. Loadiacross all the participants, we see that there
is again more variability between participants thaross scenarios for any given participant.
The majority of changes in sensitivity type acrthesclimate scenarios are of increasing
sensitivity. The changes across the scenarios imaéearticipants 1, 2 and 4 are of only
increasing sensitivity; Participant 5 only had @hange, to decreasing sensitivity; Participants 3,
6 and 7 had both increases and decreases, buinihieformer.

Figure B-4. Community Interactions influence diagams of sensitivities:
variance across participants.

B.2.5. Exercise Discussions and Report-outs

After participants made their individual judgmeantsthe influence diagram using the
coding exercise, the participants reconvened im breakout groups for a group discussion.
Participants discussed their reactions to the eseend how it was structured, individual
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judgments on type and degree of influence, indi@igudgments on confidence, key issues and
gaps in understanding. This group discussion dftdped to clarify issues that participants may
have had in understanding the coding scheme arendles that they may have lacked clarity on.

Based on this group discussion, the facilitatopeélthe participants to identify some key
points that emerged. These key points addresseddsuch as key influences, important
pathways, thresholds, significant changes assakcvith climate change, management
implications, etc. One of the participants froncteareakout group presented these key points to
the larger group to summarize the discussion.olatlg the discussion, participants were given
time to revisit their individual judgments.

B.2.6. Discussion of Management Implications

Following the breakout group discussions and ezerof making individual judgments,
participants gathered in the larger group to discnanagement implications. This discussion
would help SFEP and BCDC to examine some of thassayes that emerged from the expert
elicitation exercise and translating those issnsaction. The facilitator led the discussion by
asking participants to consider how climate stresaught impact the estuary across a range of
management scenarios. The discussion also explesedrch and data needs, suggestions for
water and sediment management, and fundamenttd shihanagement that may be necessary.

B.3. POST-WORKSHOP
B.3.1. Review of Workshop Report

A report was developed subsequent to the worksboprdenting key outputs in two
sections: key results and workshop discussionss réjport provides a documentation of all of
the participant materials, including: participanidance documents, participant homework
responses, handouts and other materials used wbtkehop, and individual participant
judgments. Key points that emerged during thekmeiagroup and larger group discussions are
summarized, as well as the discussion on managemphtations. Participants were asked to
review this report and provide any comments. Thesements were incorporated into a final
workshop report, which is available upon requestifthe authors.

B.3.2. Synthesis of Results

A synthesis of results was developed in order &dyae the participants’ individual
judgments made at the workshop. The synthesiswevihe objectives of conducting the expert
elicitation workshop and identifies key questidnatithe synthesis of judgments seeks to answer.
It reviews the coding schemes used by participdmtsg the workshop and summarizes a
coding typology that was used to group codes toatherize types and degrees of influences and
sensitivities. Finally, it describes the methodpidor analyzing the available judgments and
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presents key results in the form of tables andréigu The contents of this synthesis comprise
much of the substance of the results sectionsi®fdport.

B.3.3. Review of Draft Report

The workshop report and preliminary results repastse used to develdpis technical
report to present th&ynthesis results and place them in the largeresbwof the implications for
management and SFEP’s capacity to respond. Tlierepart was revised based on an internal
review by EPA scientists. The report is now uruldslic and expert peer review. Following
this review, a final report will be developed thasponds to the public and peer-review
comments. An additional report that focuses osdes learned across the two assessments for
SFEP and MBP will also be developed.
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APPENDIX C. PARTICIPANT HANDOUT ON CLIMATE SCENARIO S

SFEP Workshop Climate Scenarios

This handout is intended to assist participanessessing the sensitivity of salt marshes and
mudflats across a range of plausible scenarioimate change. It provides the details of two
distinct but scientifically credible climate futsréor a mid-century (2035-2064) time perfod.
Participants will use these scenarios in revisithigr assessments of influence completed on the
first day.

Two Climate Change Scenarios: “Lower-Range” and “Hgher-Range™

Under both climate change scenarios, Californidnethin its Mediterranean climate (cool/wet
winters and hot/dry summers) and continue to eepeg a high degree of variability in
precipitation with rising sea levels. By mid-cemytuthe “higher-range” scenario (including
higher emissions and a more sensitive climate)dgepted to experience a warmer and
somewhat drier climate compared to the “lower-rdrsgenario (with lower emissions and a
lesser impact on California’s climate).

Development of the Climate Scenarios

The two bounding scenarios were developed fromlaative group of studies in large part
funded by the California Energy Commission (CECJenmthe mandate of the Governor’'s
Biennial Climate Change Report. A majority of thienate projections presented here were
developed by Cayan et al. (2009), based on projesfrom 6 leading climate modéI§hese
models were selected based on their reasonableseagiation of historical simulation of
seasonal precipitation, seasonal temperature ahability of annual precipitation, and El
Nino/Southern Oscillation (ENSO). All models weus with both a lower emission scenario
(B1 SRES) and a mid-high emission scenario (A2 SR&S8apture a range of plausible future
emissions trajectories. The “lower-range” and “l@ghange” temperature and precipitation
scenarios for 2035-2064 compared to 1961-1990 in@sebnditions are based on these climate
model simulations, for the SRES B1 (lower) and SR2Shigher) scenarios, respectively.
Regional projections were developed by statisticainscaling’

For a given U.S. coastal location, relative seallege may differ from global estimates due to a
number of factors such as changes in local oceaulation, ocean density, vertical land motion,

2These two futures are designed to capture a laageopthe uncertainty inherent to future projestighat is the
result of two key factors: (1) the amount of futeraissions of greenhouse gases from human acsitita are
driving global change, and (2) the ability of scists to simulate the response of the Earth’s dinsgstem to those
emissions.
®The usage of the terms “lower-range” and “higherget refers to the scenarios provided in this handad are
not intended to reflect the lowest and highest iptessgutures.
“U.S. NOAA’s Geophysical Fluid Dynamics Laborato&RDL) CM2.1; the National Center for Atmospheric
Research (NCAR) Parallel Climate Model (PCM); thegtibinal Center for Atmospheric Research (NCAR)
Community Climate System Model (CCSM); the Max Rlémstitute ECHAMS5/MPI-OM; the Center for Climate
System Research of the University of Tokyo MIROE Bedium-resolution model; and the French CentrigoNal
de Recherches Meteorologiques (CNRM) models.
® Statistical downscaling methodology includes camgtrd analogues, bias correction and spatial daalingcof the
results from each of the 6 climate models.
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erosion/sedimentation, gravitational effects, dkelative sea level rise in California has
demonstrated similar rates of rise compared toajlestimates (Cayan et al. 2008). Many
California studies recommend using projectionslobgl sea level rise estimates, which assumes
relative sea levels continue to rise at the saneeas projected global sea level rise. The “lower-
range” sea level rise estimate is provided as aramde of Rahmstorf (2007) and high-end of
IPCC TAR. The “higher-range” sea level rise estaria provided as the high estimate of
Rahmstorf (2007).

Summary of Climate Scenarios: Averages for Mid-Ceniry

“Lower-Range” “Higher-Range”
Scenario Scenario
Annual Averagé +2.8F (1.6°C) +3.5°F (1.9°C)
@?ﬁ[g?%?ﬁgi?;ig +2.5°F (1.4°C) +2.7F (1.5°C)
Temperature6 Average Increase of
Summer +4.0°F (2.2°C) +4.5F (2.5°C)
Temperature
Extreme Heat Days +10 days/year +16 days/year
Annual Changé -4.5% -7%
Winter change Reduced winter precipitation
Precipitation Decline in frequency of precipitation events
Heavy Events (exceeding 3mm/day) but not a clear signal in ckang
of precipitation intensity

®Since the 1920s, minimum and maximum daily tempeeahave been observed to have increased in Gadifor
with minimum temperature increasing at a greater aacented by a small cooling trend in the sun(@ayan et al.
2009). These averages are for 2035-2064 projectiative to a 1961 to 1990 baseline for B1 anceAssion
scenarios.
" Approximate results using B1 and A2 emissions stesand three global climate models (PCM1, GFDLZM
HadCM3) (CEC 2006).
8 These results are for Sacramento, California. Waisning is projected to be more moderate alongtastline
(50 km from the coast) rising considerably inla@dyan et al. 2009). These averages are for 2035{2@fections
relative to a1961 to 1990 baseline for B1 and AZseions scenarios.
° Extreme heat days are defined as when the daikjrmuen temperature exceeds thé"3rcentile of temperature
from the 1961-1990 historical averages of May-Sapier days. 1961-1990 extreme heat days are appatediyr8
days/year based on model runs. Results are pibtbgéayan et al. (2009) using three climate mof@idRM
CM3, GFDL CM2.1, MICRO 3.2; with bias corrected sabdownscaling) for B1 and A2 emissions scenarios
Mid-century projections suggest hot daytime andhttime temperatures increase in frequency, magajtadd
duration (Cayan et al. 2009). Extreme warm tempeeatin California, historically a July and Augpstenomenon,
will increase in frequency and magnitude likely in@@ng in June and may continue into September fidayet al.
2004; Gershunov and Douville 008; Miller et al. 8D0
YResults are averaged across 6 GCMs using the gird pearest to Sacramento (Cayan et al. 2009 foand A2
emissions scenarios.
" These results are provided by CEC (2008).
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“Lower-Range” “Higher-Range”
Scenario Scenario
Sea Level Total Increase for | +30 cm +45 cnr
2050
Hourly Sea Level 1343 1438
Exceedancé$

Tendency toward a decline in storffisProjections suggest an increased
tendency for heightened sea level events to pdasistore hours.
ENSO is not projected to increase in frequencytansity.

Storms/Wind*®

wWN B

What else do these changes mean for our system?

Snow Pack Change For the Sacramento-San Joaqiemsivetl, April watershed-
total snow accumulation projected to drop by 64%26§0*’
Spring Runoff Spring runoff occurring earlier amdluced overall

Seasonal Changes in Amount October through February: inflow +20%
of Freshwater Inflow to the March through September: inflow -20%
Bay from the Delta in 2068
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Where can | find additional information?

California Climate Change Research Center
http://www.climatechange.ca.gov/research/index.html

Union of Concerned Scientists
www.climatechoices.org/ca

12 Sea level rise relative to 2000 levels. This gtapplies Rahmstorf’s methodology of estimating lseal rise as a
function of rising temperatures. This study asssisea level rise along the coast to be the samgpbal estimates
given the observed rate of rise along the soutBeidifornia coast has been about 17 to 20 cm pdupgsimilar to
that of global sea level rise (assume no futurengba in other factors that affect relative seallgse such as
changes in regional/local ocean circulation, oaamsity, etc.) (Cayan et al. 2009). DMRS also ey
recommended 2050 global sea level rise estimataiveeto 1990 values: 11 cm (direct extrapolatidmbserved
increased during the 2@entury), 20 cm (low-end value of Rahmstorf angrap mid-range of IPCC TAR), 30 cm
(approx mid-range of Rahmstorf and high-end of IPIXR); 41 cm (high end of Rahmstorf) (DMRS 2007).
3The total difference between mean range and spainge of 1.7 ft (50.3 cm) is slightly larger thae higher-
range scenario rise of 45 cm, based on the PomP8dro tide station.
http://tidesandcurrents.noaa.gov/tides10/tab2weidi#i 28
The hourly sea level exceedance is defined as theémmum duration (hours) when San Francisco sed leve
exceeds the 99.89% level (140 cm above mean sea level) based oB®L climate change (A2) simulation
using the Rahmstorf sea level scheme averaged Adarrs increase for mid-century (Cayan et al. 2009
5These results are provided by Cayan et al. (2009).
®Storm is defined as sea level pressure (SLP) eguali falling below 1005 millibar (mb).
"Results provided by the Bay-Delta watershed modeed by temperature projections from a parallehate
model under a ‘business-as-usual’ scenario rel&ivi©95-2005 (precipitation is assumed to remairsistent with
today’s observations) (Knowles and Cayan 2004).
18 This study does account for reservoirs, in-stregalley diversions, and in-Delta withdrawals asduanes no
future management adaptation or altered demandrpat(Knowles and Cayan 2004).
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APPENDIX D. PARTICIPANT HANDOUT ON CONFIDENCE

Method for Assessing Confidence in Expert Judgments

Characterization of uncertainty is a critical coment of assessment science. Thus this
workshop exercise includes a component in whicte#tpeert participants will assess their current
level of scientific confidence in each influence ¥ehich they are making a judgment. The aim is
to provide information on not only degrees of ieftice among variables, but also the degree of
uncertainty associated with each judgment, giverctirrent state of knowledge in the scientific
community.

The design of this analysis is derived from genguadiance on uncertainty from recent large
assessment efforts such as those of the Intergoeenial Panel on Climate Change (IPCC) and
the U.S. Climate Change Science Program (CCSP) p=g Moss and Schneider, 2000; IPCC,
2004; IPCC, 2005; CCSP, 2008; CCSP, 2009]. Onedonechtal principle is the distinction
between uncertainty expressed in terms of “likeditiioof an outcome versus “level of
confidence” in the science underlying the findihikelihood is relevant when assessing the
chance of defined future occurrence or outcome jraves assigning numerical probabilities
to qualifiers such as “probable,” “possible,” “ligg’ “unlikely” (CCSP 2009). In contrast, level
of confidence refers to the (qualitative) degrebdlfef within the scientific community that
knowledge, models, and analyses are accurate, basthe available evidence and the degree of
consensus in its interpretation. We are takinglditer approach.

Each expert is asked to rate his/her confideneaah judgment about degree of influence based
on: (1) the amount of scientific evidence thatvaikable to support the judgment; and (2) the
level of agreement/consensus in the expert commuegiarding the different lines of evidence
that would support the judgment. These confideticdates are further described below:

High/low amount of evidence: Is the judgment based on information that is ssgldied and
understood, or mostly experimental or theoretical mot well-studied? Does your experience in
the field, your analyses of data, and your undedstey of the literature indicate that there is a
high or low amount of information on this influeffc8ources of evidence — in order of relative
importance — include: 1) peer-reviewed literat@egrey literature; 3) data sets; 4) personal
observations and personal communications.

High/low amount of agreement: Do the studies and reports across the sciewmtficmunity, as
well as your own experience in the field or analgzdata, reflect a high degree of agreement
about the influence, or do they lead to competirigrpretations?

Based on the above, levels of confidence in juddgmesn be sorted into four general categories:

« Well established = high evidence/high agreement)(HH

« Competing explanations = high evidence/low agreerfién);

- Established but incomplete = low evidence/high egrent (LH);
« Speculative = low evidence/low agreement (LL).
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