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Using Conceptual Models and Decision-Support Tools to Guide 
Ecosystem Restoration Planning and Adaptive Management:  
An Example from the Sacramento–San Joaquin Delta, California
Bruce DiGennaro1, Denise Reed2, Christina Swanson3, Lauren Hastings4, Zachary Hymanson5, Michael Healey6, Stuart Siegel7,  
Scott Cantrell8, and Bruce Herbold9

ABSTRACT 

The Sacramento–San Joaquin Delta (the Delta) is 
located on the western edge of California’s Central 
Valley and is of critical ecological and economic 
importance. However, ecosystem alterations for 
human uses changed many of the Delta’s natural 
processes, and it is now considered in need of res-
toration. An approach was developed to evaluate 
and rank restoration actions in the Delta under the 
Ecosystem Restoration Program’s Delta Regional 
Ecosystem Restoration Implementation Plan (DRERIP). 
The DRERIP approach provides an explicit frame-
work for evaluating restoration actions, using linked 
conceptual models, an action evaluation procedure, 
and a decision-support tool. Conceptual models allow 
scientists and managers to synthesize scientific infor-
mation and make qualitative predictions about eco-
system function and restoration outcomes to guide 
and focus restoration efforts. The action evaluation 
procedure is a structured assessment of restoration 
actions. The procedure clearly describes actions to 
be evaluated, assesses the magnitude (importance 

and scale) and certainty of anticipated ecologi-
cal outcomes, estimates degrees of worth (achiev-
ing intended outcomes) and risk (causing adverse 
consequences), evaluates the reversibility of the 
action, and identifies opportunities for learning. The 
values for worthiness, risk, reversibility, and learn-
ing opportunity are used in the decision- support 
tool to determine the fate of a proposed action. The 
decision-support tool is a structured decision tree that 
determines the disposition of an action: whether a 
restoration project should be discarded, revised with a 
different approach and re-evaluated, or implemented; 
and, if implemented, at what scale (targeted research, 
pilot project, or full implementation). The DRERIP 
approach provides managers with a valuable tool for 
restoration planning, and a foundation for integra-
tion with quantitative methods for a comprehensive 
ecosystem restoration plan.
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INTRODUCTION 

The Sacramento and San Joaquin rivers drain 
approximately 40% of the state of California. An 
expansive delta and estuary (the Delta) forms at the 
rivers’ confluence on the western edge of California’s 
Central Valley. It is the largest delta on the Pacific 
coast. The Delta is not only critical wetland and 
aquatic habitat for over 700 species of birds, fish, 
and mammals, but is also vital for human uses. It 
serves as a major water supply conduit for urban and 
agricultural land uses, providing drinking water for 
25 million people and supporting a $27 billion agri-
cultural industry.

Like many other large estuaries throughout the 
world, the Delta has been highly altered to support 
human uses (Figure 1). Anthropogenic alterations 
have extensively changed historic ecological pro-
cesses, habitats, and species composition. Increased 
land subsidence, damming of major tributaries, water 
diversions, and flood control have dramatically 
transformed Delta geometry, channel structure, flow 
regimes, sediment supplies, and hydrodynamics. The 
Delta is also polluted with high levels of nutrients 
and contaminants. The Delta has been plagued with 
with chronic introductions of non-native species, 
and natural community structure changes have taken 
place at all trophic levels. One major consequence of 
all these alterations has been the listing of numer-
ous species under the state and federal endangered 
species acts. Current conditions are compounded by 
future challenges of increasing human population, 
climate change, and sea-level rise (Healey and others 
2008; PPIC 2012; Isenberg and others 2008).

The current condition of the Delta ecosystem, par-
ticularly the status of its fisheries and other bio-
logical resources, have prompted multiple programs 
and plans for ecosystem restoration, including 
the CALFED Bay–Delta Program, the Ecosystem 
Restoration Program (ERP), Delta Vision (and the 
subsequent Delta Plan), the Bay Delta Conservation 
Plan, and restoration mandated by the Biological 
Opinions for state and federal water project opera-
tions. Although numerous small and large-scale eco-
system restoration actions have been proposed—and 
some implemented—in the Delta, much of the plan-

ning to date has been performed in the absence of 
well-articulated conceptual models and other deci-
sion-support tools. 

Conceptual Models 

Conceptual models are “abstractions of reality cre-
ated to express a general understanding of a more 
complex process or system” (Fischenich 2008) and 
have been advocated as a key element of aquatic 
ecosystem restoration planning (USACE–EAB 2006). 
They can be used in an ecological setting to summa-
rize and synthesize scientific understanding of system 
function, and are useful to build understanding and 
consensus among scientists and managers about how 
natural processes and human activities interact to 
affect natural resources and habitats (Ogden and oth-
ers 2005b). Thom (2000) considers them essential to 
successful adaptive management. Conceptual models 
provide an important organizing framework for plan-
ning in complex systems and have been considered 
by others to be an important way of communicating 
complex information (Heemskerk and others 2003). 
Recent examples of conceptual model applications 
include site-specific restoration of coastal wetlands 
(Chow–Fraser 1998) and alteration of flooding 
regimes in the Rio Grande (Molles and others 1998). 
Nuttle and others (2008) have noted that, in particu-
lar, conceptual models help to:

•	 Identify drivers of ecological processes and 
anthropogenic stressors, their ecological effects, 
and attributes useful in monitoring and fore-
casting ecosystem response.

•	 Diagram qualitative explanations of how human 
activities alter ecology.

•	 Identify points of conflicting science, develop 
consensus, and communicate working hypoth-
eses.

•	 Identify performance measures and develop 
monitoring and modeling activities to support 
restoration and management.

For ecosystem restoration planning and adaptive 
management, conceptual models that explain system 
form and function can be used both to qualitatively 
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predict the consequences of alternative restoration 
actions and to provide a common ‘knowledge base’ 
from which to develop new restoration approaches. 
For example, conceptual models have been used in 
large-scale restoration plans in the Florida Everglades 
and on the Louisiana coast. Both the Comprehensive 
Everglades Restoration Plan (CERP) and Coastal 
Louisiana Ecosystem Assessment and Restoration 
program (CLEAR) utilized conceptual models as the 
basis to synthesize and guide their scientific efforts. 
Because of successful outcomes such as these, con-
ceptual models are now considered essential in any 
major restoration plan (Twilley and Owens 2008).

The Delta Regional Ecosystem Restoration 
Implementation Plan 

In 2000, the CALFED  Bay–Delta Program outlined an 
ecosystem-based management approach and adaptive 
management framework for its Ecosystem Restoration 
Program (ERP) (CALFED Bay–Delta Program 2000). 
The ERP Strategic Plan explicitly identifies the 
linkages between restoration goals and objectives, 
management actions, information acquisition, and 
problem reassessment (Figure 2). The prominent role 
of conceptual models and the unambiguous recogni-
tion that restoration actions may include targeted 
research, pilot/demonstration projects, or full-scale 

Figure 1  Transformation of Delta ecosystems. Historic (TBI 1998) and modern (WRR 2008) configurations of the system.
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of the lack of science-based support or unacceptably 
high risk. The decision-support tools and evalua-
tion process developed by the AMPT include three 
elements: 

•	 Conceptual Models. Linked conceptual models 
were developed that compile and synthesize the 
existing scientific understanding of Delta eco-
system function, including habitats, ecological 
processes, species, and stressors. All conceptual 
models were specifically designed to identify 
and characterize the scale, character, impor-
tance, and certainty of cause- and-effect rela-
tionships between ecological driver variables, 
and ecosystem- and species- response variables. 

•	 Action Evaluation Procedure. A standardized pro-
tocol for translating information from the con-
ceptual models into evaluations of worth, risk, 
reversibility, and opportunity for learning of 
proposed ecosystem restoration actions. 

implementation projects are notable differences from 
previous depictions of adaptive management systems 
(see NRC 2004 for examples of adaptive management 
application in large-scale water resources issues).

The Delta Regional Ecosystem Restoration 
Implementation Plan (DRERIP)—managed jointly by 
the California Department of Fish and Game (DFG), 
the U.S. Fish and Wildlife Service (USFWS), and the 
National Marine Fisheries Service—was established 
to evaluate and rank restoration actions for the 
Delta region from CALFED’s programmatic ERP Plan 
(CALFED  Bay-Delta Program 2000). An Adaptive 
Management Planning Team (AMPT) consisting of 
agency technical staff and external science advi-
sors was established to guide the DRERIP effort. The 
AMPT was tasked with developing a science-based 
procedure for evaluating which of the more than 600 
proposed restoration actions contained in the ERP 
should be implemented as targeted research, pilot 
studies or as full-scale projects—or discarded because 

PROBLEM Goals/Objectives

Conceptual
Models

Restoration
Actions

Reassess
Problem

Refine Models,
re-evaluate

Refine actions,
re-evaluate

Pilot ScaleResearch Full Scale

Revise
Objectives

Asses,
Evaluate,

Adapt

Information
Learning

Figure 2  CALFED adaptive management approach (after CALFED Bay-Delta Program 2000)
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•	 Decision-Support Tool. A decision tree that 
uses the action evaluation results to determine 
whether and how to implement proposed res-
toration actions in the adaptive management 
framework. 

This paper describes these three elements and pro-
vides an example of how they can be used to support 
science-based restoration and adaptive management 
decision-making in the Delta. It also provides context 
for specific conceptual models developed to sup-
port the DRERIP approach and described later in this 
issue.

DEVELOPMENT OF CONCEPTUAL MODELS 

Purpose of the Conceptual Models

Conceptual models usually are tailored to the needs 
of the system at hand and the intended uses of the 
models (e.g., Simenstad and others 2006; Ogden 
and others 2005a, 2005b). As described above, the 
conceptual models developed for use in DRERIP 
are intended to provide information for the Action 
Evaluation and Decision Support elements. Therefore, 
the models need to qualitatively describe the physi-
cal, chemical, and biological linkages and attributes 
of the system, as well as a qualitative understanding 
of how restoration actions are expected to affect the 
ecosystem and the target species. In particular, the 
models were developed to illustrate the characteristics 
and dynamics of the system that support or limit the 
achievement of desired restoration outcomes.

Depending on how they are constructed, concep-
tual models can provide a qualitative prediction of 
restoration outcomes; for example, better or worse 
performance under different scenarios. These qualita-
tive predictions can then be used to rank restoration 
actions or forecast the direction of ecosystem change. 
Furthermore, by summarizing current understanding 
of how the ecosystem works, conceptual models can 
provide a strong foundation for the development of 
benefit metrics, monitoring plans, and performance 
measures. 

The DRERIP Driver–Linkage–Outcome (DLO) 
Approach

DRERIP Ecosystem Conceptual Models developed 
for habitats, ecological processes, stressors, and spe-
cies consisted of a diagrammatic representation of 
the model and a written report with background, 
references, and other explanatory material, such as 
information on geographic variations, seasonality of 
occurrence, or affected life history stage. Each model 
was structured to clearly identify and describe driv-
ers (D), linkages (L), and outcomes (O). Drivers are 
physical, chemical, or biological forces (natural or 
artificial) that have a large influence on the system 
or species of interest. Drivers may be uncontrolled 
(i.e., not under management control or influence) or 
managed (i.e., under direct management control or 
influence). Linkages are cause- and-effect relation-
ships between drivers and outcomes that are depicted 
by one-way arrows. Outcomes are environmental- or 
species-response variables that are predicted to be 
influenced by the drivers through the associated 
linkages. Outcomes are the elements the conceptual 
model attempts to explain, and may be physical, 
chemical, or biological. 

Once drivers and outcomes have been identified, the 
cause-and-effect linkages between these two groups 
can be explored and described. The specific attributes 
of each linkage are defined according to: 

•	 Character and direction of the effect—positive, 
negative, or threshold response 

•	 Importance of the effect—indicated by width of 
line 

•	 Understanding that underlies the effect—indi-
cated by color/shading of line 

•	 Predictability of the effect—indicated by line 
type: solid, dashed, or dotted. 

Importance reflects the degree to which a linkage 
controls the outcome relative to other drivers. While 
the models are designed to encompass critical drivers, 
linkages, and outcomes, this concept recognizes that 
some are more important than others in determining 
how the system works. Understanding describes the 
known, established, and/or generally agreed upon 
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scientific understanding of how each driver is linked 
to each outcome. Predictability reflects the degree 
to which current understanding of the system can be 
used to predict the role of the driver in influencing 
the outcome. Predictability is based on understanding 
of the driver, and the nature of how it is linked to the 
outcome, and thus captures variability. For example, 
understanding of processes may be high, but there 
may be natural variability either on an inter-annual 
and/or a seasonal basis that is unpredictable. Or the 
strength of relationships and the magnitude of effects 
may vary so much that properly measuring and 
statistically characterizing inputs to the model are 
difficult. 

To ensure that the different models used a consistent 
approach to characterize these linkage attributes, 
descriptive criteria for three levels—high, medium, 
and low—of each attribute were provided to model 
developers. For example, “high” understanding was 
based on the existence of peer-reviewed studies 
from the Delta and scientific reasoning supported 
by most experts on the system. Linkages character-
ized as having “low” understanding were based on 
non-peer-reviewed studies from the Delta or stud-
ies from other ecosystems. Further information on 
these criteria is provided below. Figure 3 shows an 
example conceptual model diagram for part of a life 
history for Sacramento splittail (D. Kratville, DFG, 
pers. comm., 2008). As shown, hydrology is a major 
driver of splittail populations, and large scale spawn-
ing occurs only in years with significant inundation 
of flood plains. The influences of contaminants and 
food availability are also shown. 

The consistent framework and structure used to 
develop the conceptual models allowed individual 
models to be linked together, with the outcome from 
one model also functioning as a driver in another 
model. For example, the Delta hydrodynamic model’s 
outcome for salinity variation is also a driver in the 
Vegetated Habitat model. Most DRERIP conceptual 
models were linked in sequence with others, with 
the species conceptual models usually providing the 
ultimate outcome and objective for many of the pro-
posed restoration actions. 

EVALUATING RESTORATION ACTIONS 

The second major component of the DRERIP sci-
entific foundation is an Action Evaluation Process 
designed to evaluate proposed restoration actions 
using the scientific information provided in the 
conceptual models. The Action Evaluation Process 
is a structured and transparent step-by-step pro-
cedure, which uses standardized evaluation crite-
ria designed to be compatible with the conceptual 
model format. The end product of each evaluation 
was a clearly-articulated description of the restora-
tion action, and numeric “scores” for the worth, 
risk, reversibility, and information value for adap-
tive management of the proposed action. The Action 
Evaluation Process is described in more detail below 
using an example application. Other example appli-
cations of the process are available at the Bay Delta 
Conservation Plan DRERIP worksheet website (http://
baydeltaconservationplan.com/BDCPPlanningProcess/
BackgroundDocuments/FullDRERIPWorksheets.aspx).

The proposed restoration action evaluated in this 
example is:

“Increase the frequency and duration of 
Yolo Bypass flooding to at least once every 
other year for at least 45 days during the 
late winter or early spring by modifying 
the Fremont Weir to allow lower-stage 
flows of the Sacramento River to pass 
through the Yolo Bypass. The increase in 
flooding is expected to improve splittail 
spawning and rearing habitat.”

Step 1: Clearly Describe Action to be Evaluated

The first step in the process is to describe the action 
in sufficient detail to identify unambiguously the 
what, how, and why being proposed. For a restora-
tion action to be evaluated using this process it needs 
to contain clear statements of three distinct elements: 
what is being changed (action), how it is being 
changed (approach), and why it is being changed 
(anticipated outcome). At this stage, the anticipated 
outcomes are the focus of attention. However, if 
the three elements of the action cannot be readily 
defined, the evaluation team must work with those 

http://baydeltaconservationplan.com/BDCPPlanningProcess/BackgroundDocuments/FullDRERIPWorksheets.aspx
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Figure 3  Sacramento splittail life history stressor sub-model. An example DRERIP species model. The arrows depict the importance of 
the processes the level of understanding of the processes and the predictability of the processes. A plus sign (+)  indicates a positive 
effect on the transition probability, while a minus sign (–) indicates a negative one. 
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proposing the action to provide a sufficient level of 
specificity and clarity; general descriptions make the 
action difficult to evaluate. In this example the Yolo 
Bypass restoration action can be separated into the 
following elements:

•	 Action: Increase the frequency and duration 
of Yolo Bypass flooding to at least once every 
other year for at least 45 days during the late 
winter or early spring

•	 Approach: Modify the Fremont Weir to allow 
lower-stage flows of the Sacramento River to 
pass through the Yolo Bypass

•	 Outcome: Improve splittail spawning and rearing 
habitat

Step 2: Compare Action to Baseline Conditions

It is important to discern whether or not the action 
is actually doing something different relative to cur-
rent conditions, because otherwise it is not really 
an “action.” With the example action, the spill fre-
quency of Fremont Weir would be 48% of years (38 
of 79 years), assuming 4,000 cubic feet per second 
(cfs) and a 45-day duration, with a spill intermis-
sion of no more than 7 days, compared to 6% of 
years (5 out of 79 years) at the existing weir height. 
Since the Fremont Weir is at a fixed elevation, the 
variability is a function of inter-annual variability 
in the hydrograph, which includes upstream water-
management actions. Implicit here is that flooding 
from the Sacramento River serves as the primary 
inundation mechanism for the Yolo Bypass. If the 
evaluation team considers other flood sources to be 
important for the Yolo Bypass, then it should modify 
the baseline conditions accordingly. and evaluate the 
action based on the incremental change in flooding 
frequency and duration attributable to the action. 

Step 3: Assess the Magnitude and Certainty of 
Anticipated Ecological Outcomes

The conceptual models are then used to assess wheth-
er the action will have the desired (stated) outcome. 
Although improving splittail spawning and rearing 

habitat is postulated as the prime reason for pursu-
ing this action, changes of this magnitude are also 
expected to have other consequences. The next step 
in the process is to identify additional outcomes, both 
positive and negative, that are likely to occur. The 
conceptual models support this process by allow-
ing DLO chains to be followed within and among 
applicable model(s) to identify relevant outcomes, 
and to estimate the magnitude and certainty of these 
outcomes. Outcomes also may be identified using the 
expertise of the evaluation team (i.e., best profession-
al judgment). In theory, the list of potential outcomes 
is very large. In practice, the agency or program sup-
porting the evaluation is most interested in identify-
ing whether the action supports specific management 
outcomes and/or avoids risks. However, the process 
is designed to be flexible, and the evaluation team 
determines which outcomes will be included. If spe-
cific interest groups consider an outcome important 
it can be included in the evaluation, and a complete 
record will be produced that documents how and why 
the outcome might influence the proposed action. For 
the Yolo Bypass example, three positive (P) and two 
negative (N) outcomes are considered:

P1. Improved splittail spawning and rearing habitat 
(intended outcome)

P2. Improved juvenile Chinook salmon rearing 
habitat

P3. Increased detritus and phytoplankton inputs to 
downstream food web 

N1. Increased mercury methylation 

N1. Increased native fish species stranding

The conceptual models are essential to the next step 
in the scientific evaluation process where the cause-
and-effect relationships that link the action to the 
outcomes are considered in more detail. The concep-
tual models and other relevant material (e.g., papers 
and reports produced since conceptual model devel-
opment, or information on aspects of the ecosystem 
not covered by the models) are used by the evalua-
tion team to assign scores to each outcome, which 
reflect the expected magnitude of each outcome 
and the level of certainty regarding that magnitude. 
Attributes of the linkages as designated by the line 
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characteristics in the conceptual model are used to 
determine magnitude (importance attribute) and cer-
tainty (understanding and predictability attributes). 
Determining magnitude of effect also requires con-
sideration of another factor: scale of actions. Scale is 
evaluated according to definitions in Table 1, magni-
tude and certainty according to definitions in Tables 
2 and 3, respectively. 

The definitions presented in Tables 1 through 3 indi-
cate how challenging it is for an individual action 
to achieve a magnitude score of 4 (population level 
effect) in a complex ecosystem with many stressors. 
Similarly, because many outcomes are influenced 
by highly variable (and thus unpredictable) ecosys-
tem dynamics, only rarely will an individual action 

achieve high- or even medium-certainty scores. A 
measure with a “low” magnitude score can still be 
implemented—and the cumulative effects of many 
such actions may result in a greater effect at the 
population level. 

For some species, particularly salmonids and sturgeon 
that spend a relatively short portion of their life cycle 
in the Delta, an action must target (and resolve) a 
clearly known and major impediment if that action 
is to have population-level effects. The benefits of 
measures in the Delta can easily be overwhelmed by 
conditions upstream and/or downstream (i.e., ocean), 
which may be driving the population in more sub-
stantial ways. 

Example results of the magnitude and certainty 
evaluations for some of the positive and negative 
outcomes identified for the Yolo Bypass action are 
shown in Table 4. The action evaluation process also 
includes documentation of the rationale for the iden-
tified outcomes, based on the conceptual models and 
additional information sources. 

Summary evaluations for outcomes P1 and P2 are 
shown in Table 4. Outcome P3—increased detritus and 
phytoplankton inputs to downstream foodweb—was 
difficult to evaluate. Although the floodplain model 
addresses phytoplankton production and export 
resulting from inundation (and assigns high impor-
tance, understanding, and predictability), it is not 
clear that this additional production has a landscape-
scale effect, and therefore this outcome may not war-

Table 2  Criteria for scoring the magnitude (importance and scale) of ecological outcomes 

Magnitude reflects the importance and scale of the action to the outcome. It describes the size or level of the outcome, either positive or negative, 
in terms of population or habitat effects on a given species. Magnitude is not the same as the scale of the action; however, higher magnitude 
scores require consideration of scale. Magnitude must consider the complete DLO chain leading to the outcome being evaluated and must 
consider the importance of the linkages throughout that chain.

4 High Expected sustained major population level effect, e.g., the outcome addresses a key limiting factor, or 
contributes substantially to a species population’s natural productivity, abundance, spatial distribution and/or 
diversity (both genetic and life history diversity) or has a landscape scale habitat effect, including habitat quality, 
spatial configuration and/or dynamics. Requires a large-scale action.

3 Medium Expected sustained minor population effect or effect on large area (regional) or multiple patches of habitat. 
Requires at least a medium-scale action.

2 Low Expected sustained effect limited to small fraction of the population, addresses productivity and diversity in a 
minor way, or limited spatial (local) or temporal habitat effects. 

1 Minimal Conceptual model indicates little effect.

Table 1  Criteria for establishing scale of actions

Spatial Scale addresses temporal and spatial considerations, 
quantity and/or degree of change contained within the Action.

Big Large spatial extent, significant duration and/
or annually, and/or major reversal compared to 
existing conditions. Landscape scale. Requires 
a large-scale action.

Medium Moderate spatial extent, moderate duration 
and/or annually or close to annually, and/
or moderate change compared to existing 
conditions. Regional scale. Requires at least a 
medium-scale action.

Small Small acreage, short duration or only on 
occasional years, and/or small change 
compared to existing conditions. Local scale. 
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Table 4  Summary findings for P1, P2, N1, and N2 outcomes for the example action

Criteria Ranking Rationale for ranking
                                         Outcome P1: Improved splittail spawning and rearing habitat
Magnitude  4 Splittail model (Kratville 2009) indicates high importance DLO paths from floodplain inundation to 

production of eggs and juveniles.
Certainty  4 Splittail model indicates high understanding and predictability.
                                         Outcome P2: Improved rearing habitat for juvenile Chinook salmon
Magnitude  4 Salmon model (Williams 2009): Juvenile Emigration and Rearing sub-model does not explicitly cover 

floodplain; model text indicates that fall-run and perhaps late-fall and spring runs rear on the Yolo Bypass 
when inundated (pages 19 to 20a). Salmon rearing on the Yolo Bypass experience elevated growth rates 
(Sommer and others 2005, cited in Williams 2009). Peer-reviewed literature strongly supports bypass as 
valuable rearing habitat (Sommer and others 2001, 2005). Model 3D of the Floodplain Conceptual Model 
(Opperman 2008) also discusses benefits.

Certainty  4 See Sommer and others 2001, 2005
                                         Outcome N1: Increase in methylation of mercury
Magnitude  3 Table 1 and Section 3.1.3.4 of the Hg model (Alpers and others 2008): Floodplains have been shown to 

support high rates of methylation. Episodic flooding may be associated with increased methylmercury 
production due to the drying of soils (and enhanced oxidation rates) between floods.

Certainty  2 Intermittent flooding results in high potential for methylation; floodplains with highest concentration 
of MeHg are those that experience intermittent flooding. Some question as to whether a single, long 
inundation (e.g., 45 days) might limit the amount of methylation.
The mercury model (Alpers and others 2008) does not assign importance, understanding, and 
predictability to methylation in specific habitat types. It is not clear which floodplains the methylation 
rates in Table 1 of the model are based on (Is the Yolo Bypass included?).

                                         Outcome N2: Increased native fish species stranding
Magnitude  2 Stressor tables in conceptual models for salmon (Williams 2009) and sturgeon (Israel and others 2009) 

do not show this to be an important factor at the population level.
Certainty  3 Several studies from Cosumnes and Yolo indicate that increasing temperatures in floodplain waters 

trigger movement of native species off the floodplain (T. Sommer, DWR, pers. comm., 2008).

a Note that the use of page numbers in this table is to illustrate the type of tracking information that needs to be recorded during the process. The page num-
bers may not be correct in current versions of the models available at http://www.dfg.ca.gov/ERP/conceptual_models.asp as a result of of reformatting.

Table 3  Criteria for scoring certainty (understanding and predictability) of ecological outcomes 

Certainty – the likelihood that a given Restoration Action will achieve a certain Outcome. Certainty considers both the predictability and under-
standing of linkages in the pathway from the action to the outcome. Generally, high importance-low predictability linkages drive the scoring; it is 
important to ensure that certainty is not unduly weighted by a comparatively low-importance, albeit low-predictability linkage.

4 High

Understanding is high (based on peer-reviewed studies from within the system and scientific reasoning 
supported by most experts within the system) and outcome is largely unconstrained by variability (i.e., 
predictable) in ecosystem dynamics, other external factors, or is expected to confer benefits under conditions 
or times when the model indicates greatest importance. 

3 Medium

Understanding is high but nature of outcome is dependent on other highly variable ecosystem processes 
or uncertain external factors or understanding is medium (based on peer-reviewed studies from outside the 
system and corroborated by non peer-reviewed studies within the system) and nature of outcome is largely 
unconstrained by variability in ecosystem dynamics or other external factors

2 Low

Understanding is medium and nature of outcome is greatly dependent on highly variable ecosystem processes 
or other external factors or understanding is low (based on non peer-reviewed research within system or 
elsewhere) and nature of outcome is largely unconstrained by variability in ecosystem dynamics or other 
external factors

1 Minimal Understanding is lacking (scientific basis unknown or not widely accepted), or understanding is low and nature 
of outcome is greatly dependent on highly variable ecosystem processes or other external factors

http://www.dfg.ca.gov/ERP/conceptual_models.asp


OCTOBER 2012

11

rant a high score for magnitude. To fully evaluate 
this action, additional information on the quantity 
and availability of this increase in phytoplankton is 
necessary. However the sedimentation model indi-
cates that the Yolo Bypass represents a major source 
of suspended sediment for the Delta, which poten-
tially could be used as a surrogate for phytoplankton 
transport. A degree of uncertainty still exists, how-
ever, because even though phytoplankton represents 
one of the most important food sources for the pelag-
ic food web, the inputs from the Yolo Bypass may 
not be available to the downstream food web because 
of local consumption (Durand 2008). In instances like 
this, the process calls for the expert evaluation team 
to decide a score for magnitude and certainty, and 
fully document their assumptions. 

Step 4: Estimate Degrees of Worth and Risk

The next step is to combine individual magnitude 
and certainty scores into evaluations of “worth” 
and “risk.” Worth estimates the degree to which the 
action achieves the intended outcomes. Risk esti-
mates the potential the action has to cause adverse 
consequences.

For positive outcomes, scores for magnitude and 
certainty are converted into an overall evaluation of 
the cumulative “value” or “worth” of a restoration 
action using the matrix shown in Table 5. Actions are 
considered more ‘worthy’ if there is a high certainty 
of large-magnitude positive outcome(s). Similarly, 
negative outcome scores are combined to assess the 
level of “risk” associated with an action using the 
matrix shown in Table 6. Actions are considered 
more “risky” if the magnitude of negative outcomes 
is large and certainty is low. Notably, a score of 4 for 
magnitude and 4 for certainty for negative outcomes 
is not considered high risk, because it is assumed that 
high levels of certainty allow risk to be understood 
and managed during implementation. 

When there is more than one positive outcome, the 
evaluation team considers the collective scores of all 
the outcomes to determine overall worth. In the Yolo 
Bypass example, where the magnitude is 3 to 4 and 
the certainty is 3 to 4, the worth assessment is high, 
according to Table 5, no matter which score is taken. 

For the assessment of risk, the most “risky” outcome 
is chosen if there is more than one negative outcome. 
For the Yolo Bypass example, this means that out-
come N1 with a magnitude of 3 and a certainty of 2 
determines the overall assessment that risk is high.

Step 5: Evaluate Reversibility of the Action

The action evaluation process also calls for an assess-
ment of the reversibility of the action, recognizing 
the value of readily-reversible actions within an 
adaptive management context. If the outcome of 
the action is not as beneficial as expected, or the 
negative outcomes of the action are severe, then 
readily-reversible actions maximize the opportunity 
to adaptively manage to reverse or terminate the 
action and/or implement alternative higher-risk/low-
er-worth actions while avoiding long-term damage. 
Reversibility is defined as the ease and predictability 
with which a restoration action or a group of restora-
tion actions can be terminated and/or reversed. For 
example, if the action changes physical habitat struc-
ture, can the original form be readily re-established? 
As another example, actions that modify flow levels 
in a highly-managed system like the Delta are fairly 
easy to reverse (although some outcomes of such 

Table 5  Conversion matrix for combining magnitude and  
certainty scores for positive outcomes

WORTH
Certainty

1 2 3 4

M
ag

ni
tu

de

1 Low Low Med Med
2 Low Med Med High
3 Med Med High High
4 Med High High High

Table 6  Conversion matrix for combining magnitude and  
certainty scores for negative outcomes

RISK
Certainty

1 2 3 4

M
ag

ni
tu

de

1 Med Med Low Low
2 High Med Med Low
3 High High Med Med
4 High High High Med
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an action may have also affected physical changes 
such as sediment mobilization or deposition that may 
persist after the action is terminated). In contrast, 
actions that introduce or promote establishment of a 
new species can be difficult or impossible to reverse. 
In the Yolo Bypass example, the action of periodic 
flooding is considered reversible, since the action 
relies on straightforward operational modifications of 
an existing weir. 

Step 6: Identify Opportunity for Learning

The opportunity to learn from implementing the pro-
posed restoration action is another important factor 
to consider, and the final step in the action evalua-
tion process. Effective adaptive management requires 
monitoring of both implementation of the action 
and its outcomes, and evaluation of these monitor-
ing results for both desired objectives and anticipated 
risks. For the DRERIP action evaluation process, the 
opportunity to learn is defined as the likelihood that 
appropriate monitoring of restoration action imple-
mentation or a group of restoration actions and their 
outcomes will increase understanding of the species, 
ecological process, habitat condition, region, or sys-
tem that is in question or of concern. In the context 
of adaptive management, learning is, in fact, a prin-
ciple objective of targeted research and pilot-level 
implementation of restoration projects. Such informa-
tion can then be used to improve conceptual mod-
els, design alternative or refined restoration actions, 
enhance monitoring and evaluation programs, and 
improve the implementation of future similar projects 
that may be undertaken in other parts of the system. 
In the Yolo Bypass example, the opportunity for 
learning is high, because study techniques are already 
well-established to assess the outcomes expected as a 
result of the action. 

USING THE DECISION-SUPPORT TOOL 

The results of the action evaluation process for worth, 
risk, reversibility, and opportunities for learning are 
the inputs for the DRERIP decision tree (Figure 4). 

The decision tree provides an objective and structured 
process to determine whether the action should be 

implemented, and at what scale (i.e., targeted research, 
pilot-scale or full-scale implementation); whether it 
should be discarded; or whether it should be revised 
to use an alternative restoration approach, and then 
re-routed through the decision tree for re-evaluation. 
The first decision point considers the worth of the 
action, reflecting that the more worthwhile actions 
should be given greater opportunity to be routed to 
implementation. The riskiness of the action is the sec-
ond factor considered, reflecting the importance of the 
precautionary principle in decisions about implement-
ing restoration actions with multiple likely outcomes 
in complex ecosystems. Following worth and risk, the 
decision tree next considers reversibility and oppor-
tunity for learning to allow an action to reach an 
implementation result. The general goal of the deci-
sion tree is to allow ample opportunity for at least 
targeted research implementation of an action, and 
to discard actions only when it is clearly understood 
that the action carries high risk and little opportunity 
for learning. Actions that fare poorly but for which an 
alternative approach to achieving the intended out-
come can be identified are given a second chance, via 
rewriting and re-evaluating the action.

In the Yolo Bypass example, high worth, high risk, 
and opportunity to learn lead to targeted research in 
the decision tree. The high risk finding stems from 
methyl mercury; if risk were considered lower (e.g., 
medium), then the reversibility of the action would 
lead to full implementation. Managing the methyl 
mercury risk could occur through further research that 
improves our understanding of methyl mercury bio-
geochemistry, or through other actions that could mit-
igate the methyl mercury risk in one way or another. 
The sensitivity of the Yolo Bypass example to risk 
illustrates the importance of considering the potential 
negative effects or risks associated with restoration 
outcomes in the adaptive management process.

CONCLUSION 

Conceptual models can provide valuable insight 
for complex ecosystem restoration planning, espe-
cially when used in a structured evaluation process 
that considers both desired and potentially undesir-
able outcomes. However, conceptual models alone 
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are insufficient, and several groups have called for 
the development of more quantitative approaches 
to understanding and predicting change within the 
Delta (e.g., Healey and others 2007; NRC 2010). 
Quantitative models, including both statistical and 
process models, are more valuable for understanding 
specific interactions between the at-risk species and 
their environment. They are also better for identifying 
the specific outcomes of restoration actions (particu-
larly in relative terms or in cost–benefit analyses), 

identifying the cumulative effects of multiple actions, 
and, ultimately, for informing and guiding adaptive 
management.

Development of a comprehensive restoration and 
management plan for the Delta will require the com-
plementary use of conceptual models, statistical mod-
els, and multiple types of process models within an 
integrated analytical framework. The California Delta 
Ecosystem conceptual models and the DRERIP action 
evaluation process represent a step toward integra-
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Figure 4  DRERIP decision tree for decision support
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tion and a system-wide view of the consequences of 
restoration actions. In a system as complex as the 
Delta, we believe the DRERIP approach is an impor-
tant advance. 
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