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An Analysis of Decision Support Tools Used in
Columbia River Basin Salmon Management

I ntroduction

Severa magjor analytical efforts are underway to support decision-making for
salmon restoration in the Columbia Basin. These efforts include NMFS' Cumulative Risk
Initiative (CRI), the Plan for Analysis and Testing Hypotheses (PATH), the Northwest
Power Planning Council’ s use of the Ecosystem Diagnosis and Treatment protocol
(EDT), the US Forest Service's and Bureau of Land Management’ s effort undertaken for
the Interior Columbia River Basin Ecosystem Management Plan (ICBEMP-BBN), and
the Columbia River Intertribal Fish Commission’s COHORT model (CRITFC). Within
the region, conflict has developed over the role these models should play in the decision-
making process. Part of this conflict is manifested in the current debate over the need for
multiple modeling approaches, such as CRI and EDT, when considerable time and money
has aready been invested on the PATH models. This debate is exacerbated because the
models were developed for different purposes and they take different analytical
approaches, use somewhat different data sets, and make different assumptions.

Policy-makers (and the public) are faced with important decisions concerning
salmon restoration. The conclusions of the various models contribute to the decision-
making process. However, because the objectives, data, and assumptions vary among the
models, it is not surprising that their conclusions differ. Decision-making could be
hampered if the region becomes engulfed in a “collision of models,” with various interest
groups and agencies advocating the conclusions that best support their interests and
mandates. Such a debate will undoubtedly occur as an inevitable consequence of the
gravity and implications of impending decisions, and the lack of creditable scientific
conclusions concerning the probability (feasibility) of outcomes following any particular
management intervention. The ISAB undertook this project with the intent of bringing
some clarity to the regional debate. The purpose of the project was two-fold:

1. Comparative Synthesis - - to clarify the questions or problems that each model
was designed to address and to provide an overview of each of the models and a
synthesis that describes both consensus conclusions and areas of disagreement
among the models. We focused on the main results or conclusions of the models
and did not perform an in-depth evaluation of the structures of the models and the
quality of data used to calibrate and validate them. Given the complexities of the
models and the histories of their development, the latter would be a daunting task.

2. Assessment of the Role of Models in the Decision-making Process - - to assess
how science interfaces with decision-making, specifically relating to the roles
models play in the process.
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In undertaking this project, the ISAB requested the assistance of the principal
scientists involved in each analytical approach. We asked that they 1) provide written
responses to a series of questions about their modeling approach (the verbatim responses
are attached in the Appendix I11), 2) give an ora presentation of their responses and
participate in a discussion of the responses with the ISAB, and 3) participate in a panel
discussion with the ISAB and the representatives of each of the modeling approaches.
The ISAB asked the scientists to address the following questions in their written
responses:

1. What isthe purpose of your modeling effort? What questions or problems were
your models designed to address?

2. Summarize the magjor conclusions of your modeling effort relative to the four H's:
habitat, harvest, hydropower, and hatcheries. Specifically, state your model’s
conclusions relative to the following:

a. The efficacy of dam breaching or draw down to natural river levels for
delisting ESA species and restoring diverse and productive populations of native
fishes throughout the Columbia River Basin?

b. The efficacy of hatcheries for delisting ESA species and restoring diverse and
productive populations of native fishes throughout the Columbia River Basin?
Consider hatcheries that mitigate for lost habitat and those used to supplement
depleted stocks.

c. Allocation of harvest and harvest levels needed to delist ESA species and
restore diverse and productive populations of native fishes throughout the
Columbia River Basin?

d. The efficacy of restoration of tributary and mainstem habitat for delisting ESA
species and restoring diverse and productive populations of native fishes
throughout the Columbia River Basin?

3. What kinds of information or data are needed to run your model?
4. What are the strengths and weaknesses of your model?

5. What are the assumptions of your model?

6. How does your model address uncertainty?

7. All models make predictions. Why do you think your model’s predictions are
accurate?

8. How does your modeling effort relate to or contrast with the other modeling
efforts?

9. What advice would you give decision-makers on how they should use your model
to support decisions regarding salmon recovery in the Columbia River Basin?
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The ISAB held a meeting with the principal scientists on May 3, 2000. We asked

them to focus their presentations on the following areas:

1. Provide abrief overview of the analytical approach. Include the kinds of primary

data that are needed, quantities derived from the primary data, and conceptually
take us through the analytical steps in your approach.

2. Discuss the mgor assumptions of the approach.

3. Address how the approach deals with uncertainty.

4. Discuss how you believe the analytical approach should be used to support

decision-making.

Subsequent to the ISAB’s meeting with the scientists, we met individually with

the following regional decision-makers on June 7 and 8, 2000: Lori Bodi (Senior Advisor
for Fish and Wildlife at the Bonneville Power Administration), William Stelle (then
Regional Administrator, National Marine Fisheries Service), Robert Lohn (Director of
Fish and Wildlife Division, Northwest Power Planning Council), Donald Sampson
(Executive Director, Columbia River Inter-Tribal Fish Commission), and Roy
Hemmingway (Salmon Advisor, Oregon Governor’s Office). The ISAB asked the
decision-makers to address the following questions at the meeting:

1.

How do you believe the results produced by the analytical frameworks and other
scientific information should be used in the decision-making process?

What kind of information do you think the analytical frameworks should provide
to best inform decision-making?

Do you believe communication between scientists, particularly modelers, and
decision-makers need improvement, and if so, how could it be improved?

All the analytical frameworks contain a high degree of uncertainty, in part due to
the lack of high quality data. Do you believe the level of uncertainty is being
adequately communicated to you? How do you incorporate scientific uncertainty
in the decision-making process?

The five analytical frameworks represent different approaches to somewhat
different problems. What is your view of the benefits and detriments for decision-
making of having alternative analytical frameworks? From your perspective, do
you view the existence of alternative analytical frameworks and results that
sometimes conflict as an impediment to decision-making? In making decisions,
will you give more weight to some or one of the frameworks over the others? If
S0, why?
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6. What could the ISAB include in its review of the analytical frameworks that
would make the review most useful to you?

The ISAB did not request the decision-makers to provide written responses to the
guestions.

Thisreport is a synthesis of the answers to the questions posed by the ISAB and
subsequent discussions with the principal scientists and decision-makers.

Modelsin Columbia River Basin Salmonid M anagement

Salmon Science and the Salmon Recovery Effort

The popular press has suggested that Columbia Basin salmon management
congtitutes a hugely expensive "failure” of "salmon science.” We will not comment here
on the difficult and inflammatory question of whether the recovery effort, to date, should
be judged afailure. We will take this opportunity, however, to correct the misperception
about the role of science in the recovery effort. Put most simply, the conventionally cited
huge amounts of money spent on the recovery effort were not spent on "salmon science.”
The bulk of the money was spent, and continues to be spent, on management actions.
Historically, the role of science in the process has not been large. Some of the
management actions lack a strong scientific basis, and the results of some actions have
not been monitored with enough thoroughness to determine their effect.

Overall, two general conclusions are evident. First, the science that was done has
contributed substantial knowledge. Second, more science would have contributed more
knowledge. There are now prospects for increasing the investment in science; the
challenge will be to direct that investment at the right priorities.

The ISAB has reviewed the major modeling approaches that bear on Columbia
Basin salmon management. While these approaches constitute "large" modeling projects
by the usual standards of ecological modeling, they require a very small fraction of the
cost of the recovery effort. The ISAB believes that the investment in modeling and data
collection and analysis in the Basin should increase at least in proportion to the
desperately needed increase in investment required to establish an acceptable monitoring

program.
Primer of Ecological M odeling

Ideally, ecological models, like models of any complicated system, congtitute a
way of organizing and communicating information. When modeling is done thoughtfully,
it provides a systematic and objective way of predicting what we can predict reliably, and
identifying what we cannot predict reliably. When the predictive power is dight--asis the
case when models are applied to many of the current salmon management questions--a
good model serves the very important roles of generating hypotheses and pin pointing the
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crucia gaps in information. Knowledge about the information gaps provides a valuable
guide for setting priorities for new data collection, and it suggests new experiments to
resolve the critical uncertainties.

Ecological models provide a means of examining the combined implications of
sets of assumptions about mechanisms and sets of measurements on the system of
interest. The motivation for this exercise may vary. The motivation is often quite
different in academic and management contexts.

In an academic setting, the greatest interest usually centers on use of the model to
"test" the assumptions, in order to gauge the current state of theoretical understanding.
Thisis generaly carried out by quantifying indices of internal consistency between the
data and the relationships implicit in the assumed mechanisms. Often, the goal will be to
compare aternative sets of assumptions, to see which are more likely to be true. These
academic uses of models are tolerant of very large discrepancies between the model and
reality. The model, by design, is often highly idealized, in order to shed light on
particular mechanisms of interest, whereas the reality that is the source of measured data
is expected to be far more complicated. The mismatch is treated as "noise," that can be
largely ignored provided it is not so large as to obscure the contrast between aternative
sets of assumptions.

In a management setting, the greatest interest usually centers on the use of models
to make predictions -- generally these are predictions about the consequences of
alternative interventions that are under consideration. Here, it is taken for granted that the
model is an approximation, and probably an oversimplification, and that the actual
outcomes will not exactly match the predictions. But the consequences of the decision
will result from the actual outcomes. For this reason, discrepancies between the model
and reality are of crucial concern. Owing to limitations of our theoretical knowledge and
limitations of our available data, these discrepancies may be large, and unavoidable.
Because the predictions of the models become a basis for management decisions, the
discrepancies between the model and reality cannot just be dismissed as noise. The
discrepancies need to be analyzed very carefully to provide a characterization of the
uncertainty of the predictions.

The point of the uncertainty analysis for a management model is two-fold. One
goal, which should be obvious, is to reduce the uncertainty to the extent that is feasible
(evenif thisis achieved at the expense of loss of elegance or loss of a clear relation to
academic theories). The second goal, which is alittle less obvious, is to quantify the
uncertainty as accurately as possible, in order to provide arational basis for bet-hedging
and setting margins of error in the use of the predictions in a decision process.

Characterization of uncertainty in predictive use of a model is inherently
probabilistic, and is carried out by statistical procedures. The quantification of
uncertainty is reported in terms of measures of the spread in a probability distribution of
the discrepancy between prediction and actuality. The reason for the focus on
probabilistic characterization is that deterministic discrepancies can simply be absorbed
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by calibration. If we know that a prediction is always 10% high, we simply adjust our
prediction accordingly. Uncertainty is concerned with the component of the discrepancy
that is not so consistent. In other words, uncertainty characterization is concerned with
determining the probability that the prediction will be high, or low, by any stated amount.
As atechnica shorthand notation, the uncertainty characterization is often communicated
in terms of the mean or variance of a mathematically defined probability distribution.

The Theory of Ecological Modeling

The "classic" paper on the theory of ecological modeling is R. Levins (1966)

" The strategy of model building in population biology.” Amer. Sci. 54:421-431. This
paper, however, was written from a perspective of academic science, and is not especially
concerned with management, so it is only part of the story. It neglects statistics and the
guantification of uncertainty. For this reason, this classic paper will provide insight on
what is good about CRI, but not about its shortcomings; conversely, it will explain the
worst weaknesses of PATH but will neglect PATH's strengths; and it will be totally at a
loss for dealing with either the strengths or weaknesses of EDT and ICBEMP-BBN, since
expert systems and GIS had not yet been developed at the time the paper was written.

Briefly, apractical update of this theory of ecological modeling would recognize
that "scientific model” means many things to many people. So much so, that the intention
to classify and analyze all the possibilitiesis rather daunting. It may be helpful to try to
maintain a pragmatic viewpoint and focus on modelsin a very particular context.

In the present context, we are interested in comparing and evaluating a set of
models whose primary purpose is environmental decision making-- more particularly,
decision making about big budget interventions and big budget data collection programs,
under conditions of high uncertainty and in a very large and complicated ecosystem.
Thus, these models are being used to make predictions under circumstances in which we
cannot reasonably expect the predictions to be very accurate. To use these models and
their predictions intelligently, we have to approach this use in the spirit of intelligent
gambling. The first rule of gambling is that to place intelligent bets, you have to know the
odds. In the present context, this means that we would need to know, in a quantitative
way, how good the predictions of the respective models are. This knowledge is invariably
probabilistic.

In other words, "knowing how good the predictions are" means being able to state
that if the model predicts X, we have assurance that with probability Y the true outcome
will be within plus or minus Z of the prediction X. "Knowing how good the predictions
are" means actually having solid numbers for Y and Z, given X. When we know how
good the predictions are, in this sense, we can make sensible decisions in light both of the
prediction (X), and the probability (Y) that the actual outcome will not be what was
predicted, but will deviate by a stated amount (Z). This probabilistic knowledge lets us
hedge our bets and spread the risk of being wrong in proportion to the probability of
being wrong and the costs of being wrong.
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So, the worth of a model in a decision-making context depends on knowing how
accurate its predictions are. All other things being equal, we of course prefer amore
accurate model to a less accurate moddl. But if the model is substantially inaccurate, as is
likely inevitable in Columbia River salmon management, knowing more about
quantifying the inaccuracy is actually more important than making marginal
improvements in the accuracy. Thisis a difficult concept for many people to come to
grips with. The lack of understanding on this point often leads to distorted prioritiesin an
overemphasis on "research to reduce uncertainties’ and irrelevant controversy about
which estimate is "best.”

Quantification of the accuracy of the model predictions is generally accomplished
by summarizing the fit of model predictions to actual measurements of the predicted
guantities (See Appendix ). Thisis very technical; there are several ways of doing it, and
there is not a clear professional consensus on which way is best. Regardless of the
mathematical details, there is a known list of requirements for success in the endeavor.
Among the most important requirements are the necessity for knowing the precision of
the data themselves, a careful identification of actual data versus derived or surrogate
guantities, and a rigorous separation between the data used to tune or initialize the model
and the withheld data that are then compared to predictions. This last requirement is
surprisingly tricky, and depends on a tractable and transparent model structure and a
fairly deep understanding of spatial and temporal correlation patterns in the data. A final
important and subtle consideration in quantifying the accuracy of model predictionsis
correcting for the fact that the statistical procedure is inherently retrospective, while our
interest usually isin the accuracy of predictions about the future.

Approachesto Modeling in the Columbia River Basin

There are now at least three distinct philosophies of modeling represented in the
models available for decision support in Columbia Basin salmon management. Typically,
scientists are well trained in at most one of the philosophies. These philosophies are:

1. Decision-anaysis, embodied most clearly in PATH-FLUSH and PATH-CRISP,
2. Statistical, embodied most clearly in CRI, and
3. Expert-system, embodied most clearly in ICBEMP-BBN and EDT.

A more detailed description of the modelsis given in Appendix I1.

Of course, the actual models are not 100% pure manifestations of the respective
philosophies, but still each model clearly relies much more heavily on one approach than
others. In addition, the strengths and weaknesses of the various approaches do influence
the usefulness of the various modeling efforts.

Of the three approaches, the decision-analysis approach is most closely directed at
providing management advice, and it is the most formal about factoring uncertainty into
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the analysis. If this modeling approach is successful, it has the potential to be the most
useful to decision-makers.

The decision-analysis approach, however, is very difficult to implement
successfully. Its success depends crucially on the engagement of the actual decision-
makers in framing the questions that need to be answered, identifying the management
options that are under consideration, and in defining the "values' put on the various
possible outcomes. The decision analysis approach aso requires clear communication
between the technical analysts and the decision-makers, including communication about
complicated matters of risk, probability, and uncertainty. Such engagement and
communication is difficult to achieve in the institutional setting of Columbia Basin
salmon management, where there is so much fragmentation of decision-making authority.

The statistical approach is scientifically the most classical of the three, and can
operate with a large degree of detachment from policy. It proceeds by testing hypotheses
and estimating life history parameters with available data. This has the advantages of
clarity, rigor, and empirical objectivity. The limitation of this approach is that the scope
of the questions that can be answered with satisfactory conclusiveness is restricted by the
availability of data. In adomain that is data-poor, too many pressing questions may go
unanswered. This approach may be scientifically correct, but it does not address the
needs of the managers who recognize that "no decision” is still a decision.

Expert-system approaches fill gaps in the data with expert opinion. In the context
of the salmon problem, expert opinion allows consideration of the most concrete menu of
specific options for actual management. Expert opinion is, admittedly, a weaker basis for
scientific prediction than is a mathematical relationship validated with an archive of
guantitative empirical data. It is important to recognize, however, that at the level of
gpatial resolution and environmental detail required to make salmon management
decisions, there are no available validated mathematical formulae for predicting reliably
the effects of management actions on salmon, and there is no adequate data archive for
deriving such formulae.

In this light, the expert-system approach may well be a reasonable and practical
method for providing tentative answers to some management questions that do need to be
addressed quickly. There is a need, now, to make quite specific assessments about a
broad spectrum of possible management interventions, to decide which interventions are
worth trying, and to decide where, and on what scale, they should be implemented. It is
clear, however, that the tentativeness of the answers from the expert-system approach
needs to be kept in mind when these answers are factored into management decisions.

When there is a heed to make decisions in the face of significant uncertainty,
there are valid uses for both secure information and more speculative information such as
that derived from expert opinion. In the short term, speculative information is the only
option for filling the gaps in the secure information. The two kinds of information should
serve different roles in the decision process, and things will go badly if those roles get
confused.



ISAB 2001-1: Model Synthesis Report

Basicaly, the speculative information generates hypotheses, whereas secure
scientific information accumulates through the careful testing of hypotheses and
estimation of critical life history parameters. The two can work together if the hypotheses
and estimates are used as a basis for designing and implementing management
experiments. Monitoring of the results then provides data to test the hypotheses or
estimate new parameters. In this way, the expert system and statistical approaches can be
complementary, and decision-analysis can optimize the mix.

Prudence demands that we perform management experiments on such a scale that
we can afford the consequences of any probable outcome. The contribution of decision-
analysis is the balancing of the prospects for each experiment: the value of the desired
outcomes, the costs of the undesired outcomes, and the value of the secure information
that will be obtained in either case.

For decision-makers to accept scientific advice on the merits of experimental
management, the nature and extent of the uncertainties have to be explained in language
that is both realistic and vivid. It is not a matter of attempting to teach the decision-
makers to like uncertainty -- why should anyone do that? The important thing is learning
to cope with unavoidable uncertainty. This is especialy important when the uncertainty is
large, asis common in environmental problems.

Review of Models. Results versus Approaches

Most of the models we reviewed are, to some extent, works in progress. This has
important implications for interpretation of our comments about these efforts. Our
comments for each model, accordingly, apply to the state of the model at a particular
stage in its development, that is, at the time when we investigated it. To the extent that
the developers of the models view their own efforts as ongoing, rather than finished
products, we might best frame our review as comments on the respective modeling
"approaches’ rather than a judgment on a specific set of results.

Roughly ranking the models according to the degree of finality of the effort, it
seemed that ICBEMP-BBN was presented as the effort that had come to the most
definitive closure, in the sense of defining a question, attempting to answer it, and
delivering the answer for the consideration of the decision-maker who had requested it in
the first place. ICBEMP-BBN still has the potentia for being updated with new data and
for further refinement, but at least for the present phase of its use in a decision making
process, its developers and users are treating it as being completed.

The PATH effort had the second greatest degree of closure, in that a set of PATH
results was delivered for consideration by NMFS in developing their comments for the
Anadromous Fish Appendix to the Army Corps of Engineers draft "Lower Snake River
Juvenile Salmonid Migration Feasibility Study." In addition, PATH has ceased to exist
as an organization within the past year, but some of the component models used in PATH
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continue to evolve, most notably CRiSP at the University of Washington Columbia Basin
Research program, and continuing analytical efforts by the state and triba fish and
wildlife agencies (STUFA) directed primarily at smolt passage and smolt to adult
survival, and PATH-EM.

We have witnessed two presentations of CRI, spaced about a year apart, with
substantial changes in CRI over that time period being apparent. CRI explicitly represents
itself as an "approach” rather than a specific product or model, and both briefings
described ongoing analyses and plans for further development. We reviewed in some
detail avery early draft of the CRI work intended for inclusion in the Anadromous Fish
Appendix.

The EDT effort and the CRITFC model seem to have achieved the least closure.
In both cases, the results shown to us were presented as demonstrations of what to expect.
In the case of EDT, the planned systematic comparison of the model predictions against
empirical data had not yet been carried out. The Council has chartered the Regional
Assessment Advisory Committee (RAAC) to manage an effort to compare model
predictions against empirical data and to advise the Council on regional analytical needs
as part of the Council’ s subbasin planning effort. Notwithstanding the tentative nature of
the EDT results that were presented to us, the basic underlying model and the nature of
the modeling approach were distinctive and clearly presented. The CRITFC model was
presented in aform that demonstrated the model structure, but some parameter values
used in this model were based on estimates that were known to be outdated, and plans for
further work were described.

10
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Comparison of the Analytical Approaches

Summary of the Written Answers to the ISAB’ s Questions

Pur pose of Modd.

ICBEMP-BBN

Compare relative trends in aquatic habitat and population status of
six salmonid species among three Federal 1and management
alternatives.

EDT

Compare a set of comprehensive visions (events and actions
affecting animal populations and their habitat) in terms of the
performance of salmon populations. EDT estimates cumulative
effect of one or more individual actions.

CRI

Synthesize data and predict trends, dynamics and risks of
threatened and endangered salmonids on the West Coast of North
America

PATH - Flush

Evaluate management options intended to lead to recovery of
Snake River listed salmon and steelhead stocks. Only Snake River
ESA species are considered.

PATH - CRiISP

Evauate the effectiveness of a limited number of Snake River
salmon recovery actions including breaching the lower four Snake
River dams, increased transportation, and reduced harvest.

PATH-EM

PATH Experimental Management (EM) analyzes trade-offs
between biological effects of actions, i.e., how actions influence
persistence and recovery, for Snake spring/summer chinook.
Emphasize how long one would need to monitor population
dynamics to detect changes.

CRITFC COHORT

Provide an easy-to-use interface designed to allow usersto test
salmon recovery options. Provide the essence of existing models
for the following factors in a single package: ocean harvest
analyses, in-river harvest, PATH downstream passage, and EDT
subbasin habitat.

11
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Data Needs of Modd!.

ICBEMP-BBN

Predictions or GIS coverages of 6th code HUCs on Federal Lands
for: road density, grazing intensity, ground disturbing activities,
exotic species, etc. Many of these are extrapolated values, not
primary data.

EDT

Habitat information at the HUC-6 level on some 40 habitat
parameters. Biological information is required at the population
level (rules relating survival to habitat conditions). Many of these
“data” are extrapolated values, not original primary data.

CRI

Analyses start with time series of spawner counts to estimate
recruits per spawners or annual rates of population growth. Data
on the age structure of returning fish are also needed. Many of
these 'data are extrapolated values, not original primary data.

PATH - Flush

Run reconstruction requires: redd counts, dam counts of adults,
harvest rates, spawner age composition, hatchery brood removal,
and hatchery natural spawner abundance. Other data include: flow
rates, travel times, reach survival estimates, passage indices, etc.
Many of these 'data are extrapolated values, not original primary
data

PATH - CRiISP

CRiSP passage model predictions on smolt survival require data on
hydrosystem operations, water quality conditions and stock release
information.

PATH-EM

Annual estimates of spawning escapement and age estimates, past
harvest rates, upstream survival rates, future harvest rates, and
estimates of the effects of actions on life-cycle surviva (e.g.,
correlations between spawning escapement and parr to smolt
survival estimates). Many of these 'data are extrapolated values,
not original primary data.

CRITFC COHORT

Subbasin habitat data such as temperature and sediment data,
mortality rates at various life history stages (such as overwintering,
estuary/early ocean, and annual ocean mortality rates), as well as
harvest rates. The data needed are those necessary to calculate the
instantaneous mortality rate at each life stage. Many of these
“data” are extrapolated values, not original primary data.

12
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Strengths of the M oddl.

ICBEMP-BBN

Logically explicit and transparent. Results are quantifiable and
spatially explicit. The framework is flexible allowing
incorporation of both quantitative and qualitative information;
analyses can be replicated and assumptions can be tested to
determine relevance to the results.

EDT

EDT accounts for cumulative effects of factors such as spatial
temporal interactions, all attributes, competition, and predation
effects. Density dependent factors are included. It trandates
combinations of actions at any scale into biological performance
responses (population productivity, abundance, and life history
diversity).

CRI

CRI issimple, relatively easy to duplicate, and responsive to new
and/or updated data. CRI is attempting to deal with observation
error.

PATH - Flush

PATH is a cooperative, multi-agency process with peer-review by
external scientists. The decision analysis approach made it
unnecessary to have complete agreement to determine which
actions had the best chance of achieving recovery over the range of
uncertainty.

PATH - CRiSP

The CRiSP passage model is calibrated with al the available
current data.

PATH-EM

PATH-EM is a Ricker population projection model of Recruits vs.
Spawners. Management regimes can be as simple or complex as
desired by the model user, effecting all stocks permanently (e.g.,
drawdown) or different stocks in different ways over time (e.g.,
different nutrient enrichment schedules for different stocks and
years).

CRITFC COHORT

The model has a simple user interface alowing anyone to run the
model. It isone of the few models to include the potential effects
of habitat change on population growth
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W eaknesses of the M odd!.

ICBEMP-BBN

Limited data and knowledge at relevant scales forcing substantial
reliance on expert opinion, and surrogates for key elements or
processes. Results can be viewed only as relative trends among
alternatives.

EDT

Lack of ground truthing of input data and peer review to ensure
that rules are consistent with current information and knowledge.
Need modeling of genetic effects to be expanded. When applied to
the entire Columbia Basin EDT takes hours to run and requires lots
of computer space.

CRI

Pessimistic, if one assumes that ocean conditions will soon
improve. CRI isnot aformal decision theoretic approach.

PATH - Flush

The complexity of analysesin PATH was not transparent to many
individuals. There is limited data for building models, testing
hypotheses about the past, and testing hypotheses about the future.

PATH - CRiSP

There is no way to characterize differences in survival among fish
of arelease group for different passage routes or because of pre-
smolt conditions. The PIT tag studies in the tributaries above the
hydrosystem do not support a simple travel time survival
relationship as is contained in the CRiSP and FLUSH models.

PATH-EM

There is strong reliance on spawner-recruit estimates, which may
contain systematic errors. Estimates of an action’s effects are
needed as model inputs.

CRITFC COHORT

There are no density dependent effects, no stochasticity, no time
lags built in for hydrosystem or habitat changes, does not allow
changes in flow, and population sizes are not projected into the
future.
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Assumptions required by the Moddl.

ICBEMP-BBN

The assumed conditional probabilities adequately represent key
relationships, processes, and interpretations of management
direction. Proposed restoration and management will proceed as
described. Local habitat, biological potential, and ocean and
migratory conditions are the primary determinants of species status.

EDT

EDT isaflexible, expert (cause and effect) system that begins with
a detailed habitat description and links it via assumptions to
ecological function and biological performance of specific species.
Two parameter density-dependent survival functions are assumed
for each life cycle segment (typically the Beverton-Holt equation is
used).

CRI

No density-dependence in current dynamics. No directional trends
in the variation in recruits per spawner.

PATH - Flush

The prospective analysis correctly quantifies the range of possible
future conditions. Under each management option, the hydro-
regulation model correctly computes mean monthly flows, the
passage models correctly compute passage survivals and the
Bayesian life cycle simulation model (BSM) correctly generates a
range of spawner abundances.

PATH - CRiSP

CRIiSP assumes survival is afunction of travel time and
environmental water quality including temperature and total
dissolved gas levels.

PATH-EM

Future conditions will be like 1978-1994 absent management
intervention and the estimates of an action’s effects (which are
model inputs) are accurate.

CRITFC COHORT

Spawning and rearing are evenly distributed throughout currently
used habitat regardless of habitat quality. Habitat improvements are
applied first to the lowest quality habitat. A per-dam mortality rate
of 17% is assumed. John Day drawdown reduces mortality by 2 of
adam. Hatchery fish upon release are treated as being identical to
natural origin fish with the exception of a 50% post release
mortality applied to the hatchery fish.
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Conclusions with respect to Dam Breaching.

ICBEMP-BBN

Not useful for evaluating the efficacy of dam breaching or
drawdown. Models reflect the expert's beliefs that dams have a
dominant influence on status of anadromous salmonids.

EDT

Breaching dams was effective in restoring mainstem habitats to the
benefit of chinook performance. Dam removal provided significant
benefits to listed Snake River stocks, but less or minor benefit to
Upper Columbia River stocks.

CRI

Dam breaching would need to increase ocean/estuarine survival by
100% or more in order to ensure positive growth rates large enough
to mitigate extinction risk.

PATH - Flush

In most cases, the “natura-river” options met the survival
standards under the most pessimistic assumptions. None of the
“transportation” options met the recovery standard, except under
very optimistic assumptions. The absolute values of PATH
population projections are likely optimistic.

PATH - CRISP

Drawdown was better than transportation as a recovery measure for
spring chinook while harvest was a possible recovery measure for
fall chinook. New data now challenge the PATH conclusions.

PATH-EM

Effects of dam breaching, e.g., effects of drawdown of four Lower
Snake projects, have been modeled by PATH-EM. Some
preliminary results are in the PATH-EM Report, but were not given
during the presentation.

CRITFC COHORT

CRITFC has not reached final conclusions on the questions posed.
Based only on an aggregate of the Middle Fork Salmon R. spring
chinook they conclude: 1) spring chinook populations cannot be
rebuilt without dam breaching, and 2) survival gains from other
factors are needed to allow the population to rebuild, even with
dam breaching.
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Conclusions with respect to Hatcheries.

ICBEMP-BBN

Efficacy of hatcheries was not addressed.

EDT

Conclusions were not given. EDT brackets aternatives by using a
range of assumptions about effectiveness of hatcheries. The initial
assumption was that hatcheries fulfilled their promise and were
comparably effective as natural populations.

CRI

Because basic data needed to assess the impacts of hatchery fish
are lacking, including reproductive output of wild spawning
hatchery fish, it isimpossible to obtain answers to many questions
regarding the impact of hatchery fish on wild fish.

PATH - Flush

Preliminary results, based on limited data, suggest that artificial
propagation of spring/summer chinook has not significantly
contributed to declines in wild populations of Snake and upper
Columbia spring/summer chinook.

PATH - CRISP

PATH did not address hatcheries in a scientific manner.

PATH-EM

Effects of hatcheries on wild populations, e.g., effects of reducing
Snake hatchery releases, have been modeled by PATH-EM. Some
preliminary results are in the PATH-EM Report, but were not given
during the presentation.

CRITFC COHORT

CRITFC has not reached final conclusions on the questions posed.
Considering only demographic effects, hatcheries are an effective
tool for maintaining, reintroducing, and rebuilding existing
populations.
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Conclusions with respect to Changesin Harvest.

ICBEMP-BBN

Allocation of harvest levels was not addressed.

EDT

Harvest reductions had little impact on spring chinook stocks but
were important to the abundance of fall chinook. EDT has not
attempted to assess impacts of harvest rates on ESA status.

CRI

Reducing harvest would alow three ESUs (Fall Chinook in the
Snake River, Upper Willamette Chinook, Lower Columbia
Chinook) to grow. Harvest reductions by themselves could not
esure growing populations in the remaining ESUs.

PATH - Flush

Declinesin survival of Snake River Basin populations occurred at
the same time as substantial declines in harvest rates, contrary to
the assumption that harvests are significant contributors to declines
in survival of Snake River Basin populations after 1974.

PATH - CRISP

The mixture of hypotheses were optimistic in their estimates of
future productivity of stocks, so harvest reductions predict
optimistic recovery probabilities.

PATH-EM

Effects of different harvest strategies have not been modeled by
PATH-EM. Future harvest strategies are required as input for
running the model.

CRITFC COHORT

CRITFC has not reached final conclusions on the questions posed.
Limited analysis indicates that total elimination of all harvest, by
itsalf, is not sufficient to maintain or rebuild spring chinook
populations in the Snake River or above Priest Rapids dam.
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Conclusions with respect to Tributary and Mainstem Habitat

I mprovement.

ICBEMP-BBN

All alternatives were projected to improve habitat on FS/BLM
lands and to maintain current strong populations with some
rebuilding of depressed populations. The preferred alternative
showed the largest relative increases.

EDT

Breaching dams was effective in restoring mainstem habitats to the
benefit of chinook performance. Land-use changes and practicesin
tributaries were, over the long term, effective in restoring
abundance and distribution of tributary populations.

CRI

In regression modeling, salmon productivity was found to be more
related to: 1) good quality riparian zones in non-forested areas, 2)
low water temperatures, and 3) low gradients, as contrasted to the
number of dams passed.

PATH - Flush

The significant decline in Snake River Basin populations after 1974
does not coincide with habitat degradation. Degradation in habitat
occurred mostly prior to 1974 and spawning and rearing habitat for
some of the Snake River Basin populations has remained in good
or pristine condition.

PATH - CRiISP

PATH had no essential contribution to the effect of restoring
diversity of habitat in tributaries or the mainstem. Assessments for
restoring or creating mainstem fall chinook habitat were
approached in a cursory manner.

PATH-EM

Effects of specific tributary and mainstem habitat improvements
can be modeled by PATH-EM. For example, effects of
improvement in rearing habitat (increasing egg-smolt or parr-smolt
survival via carcass or nutrient enrichment) have been studied.
Some preliminary results are in the PATH-EM Report, but were
not given during the presentation.

CRITFC COHORT

CRITFC has not reached final conclusions on the questions posed.
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How is uncertainty addressed?

ICBEMP-BBN

Key relationships in the networks are represented by conditional
probabilities. The model outputs were expressed as the probability
of future habitat capacity and salmonid population status.

EDT

The implications of uncertainty are addressed through sensitivity
anaysis (e.g. by presenting "best case-worst case" outcomes of
actions). EDT is a steady-state model that does not incorporate
stochastic elements.

CRI

Compute confidence intervals for estimates of annual population
growth. In case of little data, CRI uses an upper and lower bound
for parameters or perform numerical calculations over awide range
of potential values.

PATH - Flush

The Bayesian life cycle smulation model (BSM) was used to carry
uncertainties in climate and stock-production relationships through
the analysis. The decision analysis approach considered all possible
combinations of al relevant uncertainties.

PATH - CRISP

Uncertainty in PATH models was expressed through a weighting of
the hypotheses by outside experts. The degree of certainty in
conclusions may have been overstated.

PATH-EM

Summarizing the sampling distribution via confidence intervals
assesses uncertainty in parameter estimates. The population
projection model respects parameter uncertainty by drawing values
from the joint sampling distribution of the estimates.

CRITFC COHORT

The user can conduct a sensitivity analysis on variables that are of
concern.
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Accuracy of predictions?

ICBEMP-BBN

The models are accurate in the sense that they faithfully reflect the
beliefs of experts as to the influence of land management on
aguatic habitats and salmonids.

EDT

EDT's depiction, like that of any model, isimperfect. EDT
compares relative effects of different habitat changes on salmon
performance.

CRI

Some predictions are accurate, e.g., if downstream survival was
increased to 100%, then some populations are still at severe risk.
Some predictions are not. CRI depends on relative rank of
predictions, not accuracy.

PATH - Flush

Emphasize that relative ranking of actions may be more important
than absolute standards. Rank order of actions was insensitive to
choice of life-cycle mode configurations and passage models.

PATH - CRiISP

CRiSP model predictions for spring chinook hydrosystem survival
have been proven accurate by comparisons with PIT tag data.

PATH-EM

The fit of the model has been tested by addition of new index
stocks and by excluding/including recent years of spawner/recruit
data. Of course, the future is unknown and for example, the
model’ s assumption about low-survival under recent ocean
conditions may not hold.

CRITFC COHORT

Population growth rates from the model for spring chinook are of
similar magnitude to observed rates estimated independently by
others.
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Relation to other models?

ICBEMP-BBN

Each modeling effort had very different objectives. ICBEMP-BBN
provided a broad scale but more intensive analysis of current and
proposed management of FS/BLM lands than the other models.
ICBEMP-BBN analyses concerning migration survival did not
change relative differences of projected effects among the three
alternatives.

EDT

The relationship between CRI, PATH, and EDT is complementary.
EDT can incorporate the analytical results of the statistics-based
PATH and CRI. Both EDT and ICBEMP-BBN rely on expert
opinion, but EDT gives finer scale analyses. EDT might
complement the CRITC model by expanding its analytical
capabilities.

CRI

CRI is data based, focusing on annual rate of population change
and the risk of extinction for eleven different ESUs. PATH studied
two ESUs and focuses on hydropower. EDT is an expert system
summarizing effects of habitat descriptors, but does not incorporate
much fish population dynamics. ICBEMP-BBN seems to be
primarily a habitat-focused analysis.

PATH - Flush

Concentration on Snake River stocks allowed PATH to perform a
comprehensive analysis of two data rich stocks (spring/summer
chinook and fall chinook). CRI, with its emphasis on rate of
growth, is charged with analyzing all ESA listed anadromous
stocks, regardless of the amount or quality of dataavailable. EDT
models both anadromous and resident fishes at basin-wide or
province-wide scales.

PATH - CRiSP

PATH synthesized much of the past data. The other modeling
projects have used the PATH data analyses as a foundation for their
work.

PATH-EM

Compared to CRI, PATH-EM allows a more systematic
exploration of trade-offs among population risk measures,
experimental design, and knowledge gained. For example, PATH-
EM allows the growth rate of populations to decrease with
increased population size.

CRITFC COHORT

We have attempted to represent the general behavior of PATH,
PSC, and TAC analyses without much of the complexity and detail.
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How should the model be used to support decisions?

ICBEMP-BBN

The ICBEMP-BBN model was specificaly created to help
decision-makers select a management plan for FS/BLM lands. It
should be used in concert with other models and information to
weigh the merits of possible decisions affecting management of
other public and private habitat, hydropower, hatchery operations,
and harvest.

EDT

Models highlight risks and tradeoffs of alternative actions. No
model doesit al for most decisions. Use EDT in conjunction with
other models such as the CRI, PATH, and CRITFC tools. Take
advantage of the strengths of each model system and appreciate the
different perspectives afforded by each. Do not use models as
analytical bludgeonsin political warfare.

CRI

Decision-makers might be well-served by drawing on all of the
available analytical tools. EDT and CRI are not ‘dueling’ models;
in fact, they attempt to predict totally different response variables.
PATH and CRI could be profitably combined, or at a minimum,
learn from one another. ICBEMP-BBN seems to be primarily a
habitat-focused analysis.

PATH - Flush

The decision analysis of PATH showed which actions were most
likely to benefit the stocks under the widest range of assumptions.
Analyses using the same data and the Ledlie matrix model
advocated by CRI give strikingly similar results about the relative
effectiveness of the proposed alternatives in preventing extinction
and achieving recovery of listed Snake River stocks.

PATH - CRiISP

Neither CRiSP, nor any other passage or life cycle model now
available, is adequate to address the issue of delayed mortality or
survival of fish above the hydrosystem. The models need to be
further developed and new experiments need to be planned to
characterize the impacts of passage experience on fish survival.

PATH-EM

Take the individual population dynamics predictions with severa
grains of salt: changes in climate and other uncontrollable factors
make predictions of extinction times, probabilities, etc. very
uncertain. However, have confidence in the overall conclusions
from the EM modeling.

CRITFC COHORT

This model can be an effective tool for teaching local watershed
councils about the impact of conditions outside individual
subbasins upon local restoration efforts. The model can be used for
broad scale trade-off analyses across the 4-H’s.
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Synthesis of the Answersto the | SAB’s Questions

What is the purpose of your modeling effort? What questions or problems were your
models designed to address?

Purposes of the decision support systems (models) are different. Two (PATH-
FLUSH and PATH-CRISP) are primarily designed only to evaluate Snake River salmon
recovery actions including breaching the lower four Snake River dams, increased
transportation, and reduced harvest. Two (ICBEMP-BBN and EDT) are primarily
designed to evaluate large-scale habitat management alternatives across the landscape of
the Columbia River Basin and three (CRITFC, CRI and PATH-EM) are primarily for
prediction of trends in populations of salmonids based on counts of fish and rates of
change in population parameters.

What kinds of information or data are needed to run your model?

Data needs are different, because the purposes of the models are different. PATH-
FLUSH and PATH-CRIiSP models concentrate on estimating survival based on flow and
other data as fish enter the lower Snake River. ICBEMP-BBN and EDT concentrate on
predicted effects of habitat changes over large areas based on spatial habitat data.
CRITFC, CRI, and PATH-EM concentrate on predicted trends in sizes of populations
based on fish counts and rates of change of population parameters (e.g., survival rates) in
the presence of various management actions. One characteristic common to all of the
models is that information required to run the models includes not only primary data
measured by documented procedures, but also derived values each depending on yet
other (perhaps undocumented) assumptions and ‘ models.’

What are the assumptions of your model?

Not only are the purposes and data needs different among the models, the models
depend on different assumptions made by the respective developers concerning the state
of nature. Some of the key assumptions made are highlighted in Table 1, and the
presenters described others (Appendix [11). Two of the models, ICBEMP-BBN and EDT,
are “expert systems’ depending heavily on opinions (i.e., assumptions) expressed by
panels of experts. All of the models implicitly assume that future climate and ocean
conditions will be like those in the recent past.

What are the strengths and weaknesses of your model ?

Given that purposes, data needs, and assumptions are different, it is not surprising
that the models have different strengths and weaknesses (Table 1). Some involve
complex interactions of physical and biological factors ICBEMP-BBN, EDT, PATH-
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FLUSH, and PATH-CRIiSP), others (CRI and CRITFC) depend on relatively ssimple
mathematical procedures that can be easily programmed and duplicated, while PATH-
EM fits somewhere in-between. Simplicity and complexity are each s multaneously a
strength and a weakness. The ssmpler models allow relatively more direct point estimates
of life history parameters under a given set of assumptions, but lack the ability of the
complex models to help understand mechanisms of cause and effect relationships. The
more complex models deal better with the comparison of management alternatives, but
usually can only rank alternatives on their expected benefits. It would be nice of course
to have the advantages of all the decision support systemsin one “model”, but this seems
to be impossible.

How does your model address uncertainty?

Only one model (CRI) reported an attempt to deal with variation in the data due to
sampling (observational error) so that confidence intervals can be placed on predicted
values. However, CRI was not totally successful in this attempt and along with EDT,
PATH-EM, and CRITFC, performed sensitivity analysis (e.g. presented "best case-worst
case" outcomes of actions). The other models, ICBEMP-BBN, PATH-FLUSH, and
PATH-CRISP, utilized probabilistic arguments either by standard procedures or Bayesian
methods to assign probabilities to expected outcomes. None of the models address the
issue of the feasibility of implementing management actions in the face of socia and
€conomic constraints.

All models make predictions. Why do you think your model’ s predictions are accurate?

In comparison of major management alternatives, all of the models depend
primarily on the relative rank of predictions, not accuracy of the actual predicted
numerical values. The rank orders of effects of alternative actions were judged to be
accurate by the model presenters.

How does your modeling effort relate to or contrast with the other modeling efforts?

The modeling efforts have very different objectives. Both EDT and ICBEMP-
BBN rely on expert opinion to rank effects of habitat changes over large areas, but EDT
givesfiner scale analyses. CRI, PATH-EM, and CRITFC attempt to predict the trends of
stocks of fish, but with different approaches and information. PATH-FLUSH and PATH-
CRIiSP concentrate on analysis of only two Snake River ESUs. Nevertheless, the general
conclusions when faced with the same objectives and when based on more-or-less the
same information are often in close agreement with respect to the predicted rank order of
effects of management alternatives. As PATH-FLUSH concluded “The decision analysis
of PATH showed which actions were most likely to benefit the stocks under the widest
range of assumptions. Analyses using the same data and the Leslie matrix model
advocated by CRI give strikingly similar results about the relative effectiveness of the
proposed alternatives in preventing extinction and achieving recovery of listed Snake
River stocks.”
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What is the efficacy of dam breaching or draw down to natural river levelsfor delisting
ESA species and restoring diverse and productive populations of native fishes
throughout the Columbia River Basin?

There is genera agreement among the models that breaching dams is effective in
restoring mainstem habitats to the benefit of listed fall chinook and breaching would
provide significant benefits to both Snake River fall and spring listed stocks. All models
also agree with the obvious and important conclusion that breaching dams on the Lower
Snake River will do little or nothing to help the other ten listed ESA species. With respect
to the Snake River spring chinook population, there is general agreement among the
PATH models that dam breaching or draw down are better than transportation (with the
damsin place) as arecovery measure. CRI and CRITFC conclude that survival gains
from other factors such as tributary and estuarine habitat improvement are needed to
allow the Snake River spring chinook population to rebuild, even with dam breaching.
ICBEMP-BBN is not useful in judging the efficacy of dam breaching.

What is the efficacy of hatcheriesfor delisting ESA species and restoring diverse and
productive populations of native fishes throughout the Columbia River Basin?

No satisfactory conclusions were given concerning the efficacy of hatcheries for
delisting ESA species. Only EDT and PATH-EM seems to have taken an initial ook at
modeling the effect of reduced hatchery production (for wild steelhead in the Snake
River).

What isthe allocation of harvest and harvest levels needed to delist ESA species and
restore diverse and productive populations of native fishes throughout the Columbia
River Basin?

The effect of changing harvest received varied and limited attention by the
modeling efforts. CRI concluded that reducing harvest would allow only three ESUs (Fall
Chinook in the Snake River, Upper Willamette Chinook, Lower Columbia Chinook) to
grow, a conclusion not much different from the PATH determination that harvests were
not significant contributors to declines in survival of Snake River Basin populations after
1974, or the CRITFC note that elimination of al harvest, by itself, is not sufficient to
maintain or rebuild spring chinook populations in the Snake River or above Priest Rapids
dam. ICBEMP-BBN, EDT, and PATH-EM have not attempted to assess impacts of
harvest alternatives on ESA stocks.

What isthe efficacy of restoration of tributary and mainstem habitat for delisting ESA
species and restoring diverse and productive populations of native fishes throughout
the Columbia River Basin?

The two broad scale habitat models, ICBEMP-BBN and EDT, both agree that

over the long term improving tributary habitat is effective in maintaining or restoring
abundance and distribution of tributary populations. The rather obvious conclusion is
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supported that breaching dams was effective in restoring mainstem habitats to the benefit
of listed Snake River fall chinook. CRI related salmon productivity to characteristics of
tributary habitat. PATH, in contrast, concluded that tributary habitat degradation was not
responsible for the decline in Snake River stocks following the construction of the lower
Snake River dams.

What advice would you give decision-makers on how they should use your model to
support decisions regarding salmon recovery in the Columbia River Basin?

The decision support systems have different strengths and weaknesses and
policy-makers would be well served by drawing on all of the available analytical tools.
Six of the seven presenters implied that their model should be used in conjunction with
other models, because in the words of one “No model does it al for most decisions. Use
EDT in conjunction with other models such as the CRI, PATH, and CRITFC tools. Take
advantage of the strengths of each model system and appreciate the different perspectives
afforded by each.” The ISAB wholeheartedly endorses this recommendation. Results
from amodel, given knowledge of its assumptions and quality of data used, cannot
decrease the information available to a decision-maker.

Evaluation of the Modeling Efforts

None of the models presently in use in the Columbia River Basin is complete
enough to serve as the sole decision support tool for the region. The models available to
support decisions in the Columbia Basin serve different functions and al have strengths
and weaknesses. The models differ in the problems they were attempting to address, the
analytical approaches to the problems, the assumptions underlying each of the
approaches, the quantity and quality of the available data, and the rigor with which they
deal with the complex life cycles and habitats of the species.

PATH scores high for its attempt to operate in a decision context that was explicit
about uncertainties, and for attempting to formally quantify uncertainty in a reasonably
sophisticated way. PATH’ s weakness was in the very narrow range of factors that it took
into consideration, and in the tortuous model structure that posed an obstacle to diagnosis
of model behavior. CRI, by contrast, scores very high for clarity and tractability of model
structure, but it lacks statistical treatment to quantify uncertainty. CRI encompasses a
broader range of factors than the origina PATH process, but it still appears deficient in
necessary detail for habitat variables and spatial and temporal structure. Both CRI and
PATH rely on derived quantities in place of actual data, in ways that confound a proper
uncertainty analysis. CRI clearly is investing heavily in attempts to remedy these
deficiencies.

EDT scores very high marks for comprehensiveness of factors taken into account,
and for spatial and tempora detail in the data it uses. It is not yet clear whether EDT is
sufficiently rigorous about maintaining the separation between actual measurements and
derived quantities, or in quantifying the uncertainty of the derived quantities. The
predictive modeling component of EDT is essentialy an expert system -- thisisa
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systematic amalgamation of the judgment of a panel of experts that then gets coded into a
set of quantitative relationships that can operate on data input to generate predictions. In
principle, the construction of an operating rule set from the expert judgment can be done
in away that is transparent and open to diagnosis. We do not yet know whether EDT has
achieved this. The process of dliciting expert judgment may include obtaining opinion
about certainty, but that too is expert judgment, rather than a statistical comparison to
actual measurements. So it looks as if EDT does not yet include a satisfactory treatment
of uncertainty.

ICBEMP-BBN like EDT gets high marks for comprehensiveness and for spatial
and temporal detail. ICBEMP-BBN went one important step beyond EDT by formally
eliciting expert judgment about uncertainty and propagating this uncertainty through the
model predictions. ICBEMP-BBN was constructed as a Bayesian Belief Network, which
confers the advantage of explicit representation of uncertainty as probabilities. Thisin
turn offers the potential of a smooth transition from expert system based analysis to
statistically based analysis, as more data become available to develop more empirical
models of the key relationships between management, habitat, and salmon popul ation
responses. Essentially, the Bayesian Belief Network can serve as aprior distribution for
classical Bayesian statistical inference, merging the expert opinion with empirical
measurements. The Bayesian statistical framework lends itself to value-of-information
calculations that can help guide decisions about future monitoring, ground truthing, or
experimental interventions to help resolve critical uncertainties. ICBEMP-BBN did not
avail itself of this potential, but it is an attractive option that should be considered as EDT
evolves toward calibration and validation.

Overadl, the region needs modeling efforts that collectively combine the best
features of al the models we have reviewed. Features of ICBEMP-BBN and EDT could
be used to formulate working hypotheses concerning, for example, causes of salmonid
declines and potential effectiveness of management interventions. Features of ICBEMP-
BBN could be used to communicate the uncertainty of the working hypotheses. Features
of CRI could be used to test hypotheses wherever data were available. Features of PATH
could be used to quantify the uncertainty of the tests of the hypotheses and to place
recommendations for management in arisk assessment context. Furthermore, CRI might
serve as an inspiration for clarity, rigor, and openness.

The models the ISAB reviewed are best at ranking the expected effects of
management alternatives. The general conclusions of the models are often in close
agreement with respect to the predicted rank of management alternatives when
addressing similar problems and using the same data sets. They are not good, however, at
giving absolute numerical predictions and they do a poor job of accurately estimating
what the policy-makers may need most, namely, a credible scientific analysis of the
probability (feasibility) that some measurable degree of salmon recovery will be achieved
with any particular management action.

There are two important ways in which scientists can help environmental decision
processes to cope better with uncertainty. The first is the purely technical contribution of
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explicitly quantifying the relevant uncertainty. Statements of the respective probabilities
of aternative scenarios are a natural way to communicate uncertainty when the decision
is essentially placing a bet about which scenario actually will materialize. Recent
progress in practical methods for quantifying uncertainty is an exciting development that
deserves to be used in Columbia Basin salmon modeling.

The second important area where scientists can contribute is in helping the
decision-makers craft decision rules that get formalized before the analysis is undertaken.
Decision rules define the measurements that will be made, the statistical operations that
will be performed on the data, and the threshold magnitudes of estimated quantities at
specified levels of certainty that will serve as criteria for the decision. Such specifications
help remove ambiguity from the way science is used in a decision -- even when there is
uncertainty in the data or models. Committing to these specifications in advance helps
dispel suspicions that the analysis may be manipulated to achieve a particular outcome.

All the models are severely constrained by lack of data. Modeling controversies in
the salmon arena have largely been an unproductive distraction from the real scientific
problem of inadequacy of the available data for addressing many of the important
management questions. Some of the debate that now centers on competing models could
be resolved with the right data. The present paucity of data creates more scope for
alternative assumptions in the models. Sophisticated, responsible modeling takes all the
plausible alternative assumptions into account with weighting according to their
respective concordance with the data that are available. This need not lead to "modeling
wars."

The data problem, unfortunately, will not be solved as easily as the modeling
problem or the data base management problem. Where scientific leadership and
ingtitutional innovation needs to be exercised is in the prioritization, design, and
implementation of large-scale monitoring linked to management experiments. There is at
present no institutional center of authority for addressing the prioritization, design and
coordination issues for large-scale monitoring. Prioritization and design issues inherently
presume centralization, so the entrepreneurial "distributed” paradigm that the ISRP has
recommended for data management, and that the ISAB is here recommending for
modeling, will not solve the data problem.

Decision-makers would be well served by drawing on all the available analytical
tools. Decision-makers would benefit by focusing on areas of consensus among the
models or the weight of evidence provided collectively by the models. Areas of
disagreement among the models may pinpoint uncertainties that require further
investigation. In considering how results of models make their way into the decision-
making process, it is helpful to recall the roles of models. They provide ways of
organizing and communicating information, generating hypotheses, and pin pointing the
crucial gaps in information. The modeling efforts are not ends in themselves; they are not
final, definitive answers, but rather they are ongoing processes for continuously
increasing knowledge.
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Moving Forward with Support for Multiple Modeling Efforts

At this point in the evolution of northwest salmon science, there is no compelling
reason to fund large collaborative modeling efforts. For the amount of real data that are
available, the kinds of models that are actually justifiable really are not that complicated.
Small groups of researchers should be adequate to pursue development of the models.
And the coherence of vision of a small group may encourage clarity in the resulting
model. That coherence is very difficult to achieve as the group gets large.

The past hope in encouraging the development of a region-wide collaborative
modeling effort was to achieve "scientific consensus.” In fact, the lesson of reflecting on
what we have learned in the last period of time is that scientific consensus does not really
emerge from regional modeling committees. Scientific consensus is a product of a much
larger scientific audience, whose primary route of exposure to the information in question
through reading articles, mostly in peer-reviewed books and journals; and where major
differences are settled by the results of attempts to duplicate analyses of the same data or
attempts to duplicate experiments in the same system.

So, the correct way to proceed with modeling needs is to fund specific groups to
undertake specific modeling projects. For any modeling topic that is expected to bein
any way controversial, one of the conditions of the contract should be delivery of a
version of the report in aform suitable for peer-reviewed publication. The length
limitations of this publication format may preclude some important detail, so it isto be
expected that there will be "long-form” reports as well (which may include data archives)
that should be in electronic form to be made accessible on the Web.

The expectation will be that the reports delivered in aform suitable for peer-
reviewed publication actually will be submitted for publication, but it is recognized that
the review (and possible revision) and publication process usually involves alag time of
six months to two years. The long lag time should not be used as an excuse not to pursue
publication. It is true that managers and administrators often believe that they need the
results "yesterday,” but it is also true that the same questions come up again and again,
year after year, often without satisfactory resolution.

There would be merit to funding several groups to pursue modeling questions.
There would even be merit to a degree of overlap, so that the same data sets might be
analyzed from somewhat different technical perspectives, which would encourage the
evolution of scientific insights. The actual dollar cost of modeling, as a fraction of the
overall salmon recovery budget, has been very small, so thisis not the place to look for
cost cutting.
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Use of Modéelsin the Decision Processin the Columbia River Basin

The Science-Policy I nterface

For scientific results to enable management interventions that are effective in
accomplishing societal goals, there must be not only a belief by decision-makers in the
credibility of the science and its relevance to the problems being addressed, but also
effective communication between scientists and decision-makers, so that decision-makers
are well informed of the consequences of management alternatives. Each of the present
collection of prominent salmon-relevant modeling approaches that we reviewed has
something useful to offer policy-makers provided the policy-makers understand the logic,
supporting evidence, and limitations and assumptions associated with each model.
Without that understanding, of course, there is a temptation to use the modeling results in
superficial and spuriously definitive ways that can add confusion to the deliberations. In
addition, misuse and misunderstanding have the potential to create an atmosphere that
undervalues science.

Unfortunately, there is no standing formal institutional mechanism for
synthesizing the results or for clarifying the interpretation of the various salmon models
for the various policy makers on an ongoing basis. In this connection, that decision-
making authority for various aspects of salmon management is as fragmented as the
modeling efforts.

The following sketch and accompanying text is our attempt to provide an analysis
of potential impediments at the policy-science interface that were revealed in our
discussions with decision-makers and scientists. The sketch portrays a system of self-
regulating behaviors exhibited by both policy-makers and scientists (Bella 1995, 1996a,b,
1997). The ideais that policy-makers and scientists become “locked up,” trapped as it
were, in a system of behaviors that form self-reinforcing loops, thus tending to perpetuate
the status quo. We do not intend to imply that the patterns of behavior depicted in the
sketch are operative under al circumstances.

The behaviors are represented in boxes that are connected by arrows. The
incoming arrows describe reasons for the behavior and the outgoing arrows describe
consequences of the behavior. Proceed forward or backward along any arrow. If you
move forward, say “therefore’” and if you move backward say “because.” Start at the top
left of the sketch.

Decision-makers and scientists often not only “speak different languages,” but
also operate with different interests, goals, and belief systems. Seldom are decision-
makers educated as scientists and thus, they sometimes ask scientists to answer questions
that are not amenable to a scientific approach or phrase questions in away that is unclear
to scientists. Scientists, in turn, are often not trained and have little experience in the
policy-making process in which the legal and societal dimensions of any proposed
solution must be considered. Some scientists are ssmply not interested in the policy
implications of their work, often viewing themselves as independent of the policy
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process, and focusing mainly on conducting scientific research within their area of
expertise with the belief that their research results will somehow feed into the decision-
making process. Scientists sometimes tend to view the politics of the policy-making
process as value-laden, subjective, and sometimes corrupt.

As aresult of differencesin their background experience, education, and interests,
the needs of decision-makers often are not clear to scientists, and decision-makers do not
comprehend what science is able to accomplish relative to a particular problem. Thus, the
expectations of scientists and decision-makers differ, with decision-makers often
expecting science to accomplish, over areatively short time period, more than it is
capable of accomplishing given limitations of data quality and quantity, environmental
variability and uncertainty, limited background and experience of scientists, and so forth.
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As a consequence of this shortage of meaningful communication, decision-makers
are often not as well informed as they could be of the full range of management
alternatives and uncertainties. When decision-makers do not frame appropriate scientific
guestions or fail to make their needs clear to scientists, two things can occur. Firgt,
research is performed that does not address critical management questions. Second,
technical results are communicated to decision-makersin aform that is not meaningful to
them. As an example, technical measures such as the risk of extinction, expressed as the
probability of extinction over 24, 48 or 100 years, are perfectly acceptable scientific
measures of the chances of extinction, but these concepts and the time frames to which
they apply may be difficult for decision-makers to interpret and implement into a
defensible decision.

Decision-makers most often rely on trusted experts, who are usually members of
their own staffs or independent scientific groups, to assess and interpret, “trandate” as it
were, results of technical analyses into aform that can feed into the decision process
more readily, without seizing the decision from the decision-maker.

Technical analyses | _y | Trusted | _y | Decisional significance; | —yp | Decision-
and results experts Credibility of the analysis maker

Trandation and interpretation
process to bring technical
information into the realm of
human experience

Another pathway that leads to poorly informed decision-making could originate
when management interventions are highly controversial and have major political, social,
and economic ramifications. Scientists sometimes respond to this situation by retreating
“into the science”, becoming overly precise and rigorous in communicating the results of
their analyses to decision-makers. Scientists act this way because they believe that in
doing so the decision-maker will have accurate facts and the scientists themselves will
not be held responsible for any errors in interpretation. In other cases, scientists may
have so much time and energy invested in a particular modeling approach that they
become advocates for the results of the model, losing sight of the uncertainties. Less than
well-informed decision-makers should be concerned about their ability to communicate
clearly and justify their decisions to political leaders, the stakeholders, their constituents,
and the general public. To bridge communication gaps, many decision-makers without
formal scientific training have become very knowledgeable about science and its
limitations. Conversely, many scientists have become more conversant in the decision-
making process
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Problems arise when decision-makers are not adequately informed, for whatever
reason, or their expectations are not met. Under these circumstances they may relegate
scientific findings to a less integral position in the decision-making process and choose
an action or aternative that is the most politically expedient. Upon viewing decisions of
this kind, scientists often believe that their research has had little effect on the decision.
They sometimes believe that the only research that gets used in decision-making is
research that supports a decision that has already been made, implicitly or explicitly.

To complicate things further, scientists often believe that scientific findings
should be preeminent in the decision-making process and so do not fully appreciate the
decision-maker’ s need to consider the societal implications of the decision at hand.
Sometimes in an effort to make their work more relevant to the decision-making process,
or through pressure from the decision-maker or interest groups, scientists propose
aternatives that are not their preferred actions, but ones they believe would be politically
acceptable, thereby perpetuating the system of behaviors that leads to politically
expedient decisions.

Scientific disagreement and conflict over appropriate recovery strategies al'so can
lead to politically expedient decisions. Disagreement can stem from differencesin the
problems being addressed by different analyses, differences in analytical approaches to
the problems, differences in the assumptions underlying each of the approaches, the
quantity and quality of the available data, and the rigor with which each approach deals
with the complex life cycles and habitats of the species. Scientific debates are to be
expected; they are a part of the scientific process and are necessary for winnowing
through the various scientific approaches to expose their weaknesses and strengths. These
debates can become preeminent for the involved scientists, but some of the decision-
makers we spoke with found them confusing and are more interested in identifying
broad-scale patterns or areas where the various approaches agree.

Unfortunately, decision-makers can use scientific uncertainty to justify politically
expedient decisions or to defer decisions pending further research, a strategy that is often
believed by both scientists and decision-makers to reduce uncertainty and narrow the
scope of the decision. An example of adeferred decision was NMFS' decision to delay
breaching the four lower Snake River dams. When decisions are deferred for reasons not
obvious or not defensible to scientists, who believe they have sufficient scientific support
to justify a decision, they again feel their research is being ignored in favor of politics.
Thisis the way many scientists feel about the decision to delay breaching.
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Individual M odels and the Decision Process

Most of the analytical frameworks that the ISAB reviewed were developed to
address the specific needs of an agency. In these cases the model probably will be of
greatest utility to the sponsoring agency. Two of the modeling efforts we reviewed
seemed to enjoy very successful communication with their respective decision-makers.
These were ICBEMP-BBN and CRI. In both cases, the decision-making authority was
part of the same organization that had ownership in the model and scientists developing
the models belong to the organization. In both cases, the decision questions that the
modeling effort was intended to inform were well-defined in advance of the modeling
project, the models were directed at those questions, and the decision-makers seemed not
to experience difficulty in understanding and using the model results. It is noteworthy
that in those two cases, the treatment of uncertainty in the models did not seem to pose a
special obstacle to the decision-maker who was going to use the results.

The EDT model was developed to serve two rather distinct purposes. (1) to
articulate a particular desired vision for the future of the basin with a prescription for
associated management strategies, and (2) to appraise the expected effectiveness of
specific proposed projects in the context of the watersheds where they would be located.
The strategic vision application is not tightly linked to an identified decision process. The
decision process of project funding by the Fish and Wildlife Program intends to
incorporate the project proposal application, but that role has not yet been formalized or
implemented.

The CRITFC model has yet to be used for decision-making, and its results have
not yet been promoted as arguments for influencing a particular decision. The history of
PATH in relation to decision making processes, however, is complicated enough to
warrant the following separate section.

The Institutional History of PATH

It is difficult to characterize PATH accurately and fairly, because it was never just
one thing; many things happened under the PATH umbrella. It is important, however, to
understand PATH accurately and fairly for two reasons. 1) because PATH did attempt
some worthwhile things that have not yet been duplicated by the other modeling efforts,
and 2) because feelings have run strong on several aspects of the modeling debate, and
some of the PATH participants still function as a distinct constituency (e.g., PATH-EM,
this report).

PATH was a"process’ that was initiated as part of the settlement of the litigation
over the 1995 Hydro BiOp. At that time (1995) there were two dueling models, FLUSH
and CRIiSP. FLUSH was the work of a coalition of states and tribes and put a heavy
emphasis on the effects of flow on smolt survival during downstream passage. CRiSP
was the work of Dr. Jim Anderson's group at the University of Washington, funded by
BPA, and it emphasized other factors affecting smolt survival during downstream
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passage. NMFS, the agency responsible for the BiOp under ESA, did not have ownership
of either model, and at the time of the 1995 Biological Opinion, NMFS basically declined
to decide between them. The legal resolution, at that time, was to set up PATH, with
representation of al the main parties to the debate, as a scientific forum that would be
given the assignment to achieve scientific consensus in time for the next BiOp on hydro
operations, which was then scheduled for 1999.

Though NMFS had representation in PATH, NMFS did not have administrative
responsibility or control over PATH. The bulk of PATH funding came from BPA through
the Council’s Fish and Wildlife Program, and some of the PATH funding came via other
BPA mechanisms. PATH developed its own organizational structure with the
engagement of a consulting company (ESSA) that provided a guiding facilitator and with
the establishment of a Scientific Review Panel of distinguished fisheries scientists. Later,
as the technical strategy for the PATH analysis took shape, PATH also engaged some
additional fisheries modeling expertise, some of it from outside the Columbia Basin, to
actually carry out the central mathematical analysis.

PATH then set out on four separate, but related enterprises. These were:

1. continuing work on the FLUSH and CRiSP models, more or less independently of
one another and not calibrated to the same data sets,

2. continuing work to consolidate a common database of "run reconstructions’ for a
list of "index stocks,"

3. construction of a new hypermodel that would incorporate both FLUSH and
CRIiSP as modules for calculating downstream passage smolt mortality and that
would fit all its other parameters via Bayesian inference, calibrating to the "run
reconstructions” of "index stocks,"

4. congtruction of a decision theoretic framework for incorporating the expert
judgement of the scientific review panel into a set of recommendations that would
respond to the accumulated evidence (including the results from the hypermodel), the
uncertainty, and some appraisal of the risks.

These four pieces each made sense in their own way, but they did not fit together
satisfactorily. Superficially, one would think that the priority charge to PATH was to
diagnose and reconcile the differences between FLUSH and CRiSP, but, taken together,
components (1) and (3) of the PATH enterprise largely precluded that resolution. The
technical Bayesian analysis in component (3), while genuinely leading edge in its
sophistication, was very complicated and difficult to explain to potential customers for
PATH's results. Component (4) edged into the business of making recommendations
about hydro operations and the merits of dam breaching, which may have been perceived
in some quarters as going beyond the original PATH charter.
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Notwithstanding a large amount of good work, PATH was vulnerable to the
criticism that it had not answered the question asked of it, and that it was trying to answer
policy-sensitive questions that had not been asked of it. It was not quite that ssimple, of
course, because it was not entirely clear who was in charge of PATH, or to whom PATH
was supposed to answer. Furthermore, because of its "consensus' structure, PATH was
notoriously sow in operation, and it generated unwieldy volumes of reports.

The PATH funding was piecemeal. Many of the subprojects of PATH were
presented annually to the Fish and Wildlife Program as separate proposals for funding. In
1999, the ISRP recommended that the PATH proposals not be funded. Subsequently, the
Northwest Power Planning Council, which makes the final decisions on program funding,
decided to terminate funding for PATH as an organization.

For the past year, NMFS has been doing its own modeling and data analysis to
support its own decision processes under its ESA responsibilities. The NMFS approach,
so far, has been smpler and more statistically consistently than was PATH.

CRIiSP development continues in Dr. Jim Anderson's group. Elements of FLUSH
are maintained by some of the players in the coalition of states and tribes. This coalition
has formalized itself as an organization called STUFA, but with CRITFC spinning off yet
another modeling effort that resembles EDT and ICBEMP-BBN in its use of a database
of habitat characteristics and with the overlay of a conventional treatment of population
dynamics.

The review functions of PATH's scientific review panel, the facilitation function
of ESSA, the hypermodel effort, and the consensus function that PATH as a whole was
supposed to accomplish, no longer occur in that forum. Nevertheless, many of the
individuals who were involved in PATH continue to work on Columbia Basin salmon
modeling and data analysis issues--and some results of the PATH activities are
continuing to move into the peer reviewed scientific literature. The habitat-centered
modeling efforts of ICBEMP-BBN and EDT have taken up important aspects of salmon
modeling with which PATH, for the most part, was not concerned.

The final product from PATH as a functioning organization was the report on
Experimental Management, PATH-EM. This report constituted a continuation of PATH’s
commitment to evaluate the time necessary to detect effects of anticipated management
actions and to provide some preliminary mathematical estimates of the effects, though it
may have been a somewhat rushed and incomplete effort owing to the termination of
PATH’s funding.

Thelogic of decision analysis often leads to a conclusion that when relevant
uncertainties are large, it is imprudent to commit to long-term courses of action unless
these courses of action have a built-in flexibility to respond to new information. In fact,
the decision options to be weighed include the relative investment in continued data
collection versus the merits of experimental manipulations. The relative merits of the two
options should be judged in terms of the value of the information they provide, quite
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aside from the direct outcomes any experimental manipulation expressed in terms of the
desired objective (such as more fish available for harvest, or an increased probability of
population persistence). The value of new information is quantified in terms of its
potential use to influence the selection of subsequent courses of action. The formalization
of such flexible decision rules together with the cost-benefit of continued data and
experimental manipulation are encapsulated in the technical theory of Adaptive
Management.

Among the Columbia River basin salmon modeling efforts, the PATH
experimental management report represents the most substantive attempt, to date, to
provide an analysis of the prospects for actual Adaptive Management. The analysis
described specific experiments and provided a preliminary assessment of the types of
information that the experiments would provide, and how much time they would require
for completion. Because there seems to be a temptation, in many quarters, to co-opt the
term “ adaptive management” merely to put a positive spin on vague management plans, it
isimportant that this kind of technical analysis of adaptive management resume as an
ongoing enterprise connected to actual decision making in the Basin.

Communication and Sour ces of Credibility

The best resolution of scientific disagreement is through publication in the open
scientific literature, and provision of access to model code and to data files allowing
independent verification. Data access should include access to the original primary data
and metadata. If there is not access to the primary data, derived quantities, when treated
asif they were data, may carry error that escapes scrutiny. Because publication imposes
time delays that may be inconsistent with decision timetables, it is advantageous for a
modeling project to have good lines of communication with decision-makers. If a
modeling effort is motivated by a desire to contribute to a particular decision, it is
especially helpful to invest up front in enough communication to ensure that the model
really is addressing the right question.

The present culture of Columbia Basin salmon science has not put a great
premium on publication. This greatly magnifies the importance of the decision-makers a
priori trust in any particular modeling effort that they choose to use. Thisis not entirely a
desirable situation. A greater role of publication in the open literature in establishing
credibility for the use of science in Columbia Basin decision-making would be good. A
greater reliance on the mechanisms of normal scientific discourse might also reduce some
of the contentiousness that has characterized the history of scientific debate over key
issues in Columbia Basin salmon management.

We might note that the recent experience of an attempt at a scientific consensus
"process’ operating within the conventional Columbia Basin culture was not especialy
encouraging. The process proved to be very slow and cumbersome--so much so that it
probably was no quicker than publication might have been. Furthermore, the consensus
did not hold.
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Redlistically, it is inevitable that institutional trust will give selected models and
modelers an inside track for access to decision-makers, but a culture of publication and
respect for published results could still influence the standards of quality control and the
habits of discourse for resolving scientific disagreement. We view as avery positive
development the recent example of CRI in espousing a culture of publication and a stance
of healthy skepticism about traditional data sources.
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Appendix |: Technicalities of Quantification of Uncertainty

Theory can usefully distinguish three main kinds of "error" as contributing to the
uncertainty of a model's predictions. These are measurement error, parameter error, and
process error. The label "error” in this theoretical language is meant to refer to a source of
variance, not to a"mistake." The role of variance in our characterization of this type of
error is crucial. We quantify the error in terms of a variance, because we acknowledge
that we cannot know the actual value of the error in a given instance, but only can know
its probability distribution. If we knew the actual value of the error, we would just
subtract that from our estimate, and then there would not be any error.

Measurement error refers to the random influences that cause an observation to
deviate from the true value that is being measured. For example, we may obtain
observations in the form of redd counts in an attempt to census the size of a spawning
population. However, because this is not an exhaustive count of the population, but
rather a count in an index area, during a particular time window, which then is expanded
to estimate the entire spawning population for that year, the estimate of population size
has an error component.

Parameter error refers to random influences that cause a parameter estimate to
deviate from the true value that we wish it to represent. Use of measurements that are
subject to measurement error can be one contributor to parameter error. Another
important source of parameter error that can arise even with no measurement error is
sampling variation. Consider, for example, that our parameter of interest is the average
number of recruits per spawner at a particular population size. We know that the actual
number of recruits per spawner in a given generation is subject to random environmental
influences. If our data set consists of only afew years' observations of numbers of
recruits for brood years when the spawner population was in a particular size range, that
small sample may misrepresent the true average, even if the measurements themselves
had no measurement error. In redlity, for a quantity like average number of recruits per
Spawner at a particular population size, we would expect the parameter error to be
substantially influenced both by measurement error and sampling variation.

A further contributor to parameter error is ssmple mis-specification of a statistical
extrapolation procedure. Consider for example, that the parameter of interest is the apha
of a Ricker production equation. That parameter represents the limiting value of recruits
per spawner in the limiting condition of a vanishingly sparse population. Since our data
come from populations that are not (yet) vanishingly sparse, we need somehow to
extrapolate from the estimates of recruits per spawner at observed densities to an estimate
of what the value should be at the limiting density where the parameter is thought to
express itsalf in pure form. In the case of the Ricker equation, we do this by linear
regression, since the equation represents the relation between spawner density and
recruits per spawner as alinear relation, in which the parameter alphais the y-intercept.
This linear regression seems a clever work around for the absence of actual data at zero
density, but what if the true relationship between spawner density and average recruits
per spawner is not exactly linear? Then the linear regression will have introduced an error
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component over and above the sampling variation in the brood years for which we have
observations, and the measurement error in those observations. We see, therefore, that
correctly characterizing the parameter error is arather complicated undertaking.

Finally, when we apply a model to make predictions of a process that itself is
subject to random variation, called process error, the process error will contribute to the
variance in the distribution of the discrepancy between the prediction and what actually
will occur. The influence of process error -- the inherent randomness in the process -- will
cause prediction error even if we knew the parameters exactly and our measurements
were perfect. Consider the case of predicting the number of recruits, from knowledge of
the number of spawners that give rise to that brood and from knowledge of the
parameters of the Ricker equation that applied to that stock. The Ricker equation gives
the "average" number of recruits per spawner that we should expect from a given brood.
Even if we knew the Ricker parameters exactly, the prediction is only for the "average.”
On the other hand, the actual number that will return in the year being predicted will be
influenced by random environmental variation that in principle is not predictable, because
it is future noise in the process.

While we may not be able to fully predict the deviation owing to the random
process error of this sort for a given future set of returns, we should be able characterize
its distribution. That is, we should, in this example, be able to say that the number of
recruits will be a distribution, more or less centered over the predicted average from use
of the Ricker eguation applied to our estimate of the number of spawners that gave rise to
this brood, and using the parameter estimates that we obtained from fitting the Ricker
eguation to some historical data. This distribution of the predicted returns will also have a
spread, measured usually by its standard deviation, that reflects the uncertainty in the
prediction. This prediction uncertainty will have contributions from measurement error in
the estimate of the starting number of spawners, parameter error owing both to sampling
variation in the brood years from which data were available to estimate the parameters of
the Ricker equation, and owing also to measurement error in those data, and process error
in the actual mechanisms that influence the recruits per spawner for a given brood.

Because this error exists, any manager who intends to make decisions based on
the prediction needs to know it and take it into account. In this stock recruitment example
we expect the total prediction error to be considerable, based on our experience from the
substantial scatter that we see in the fit of observations to empirical stock recruitment
curves. This scatter is a combined result of measurement error, parameter error, and
process error. The first practical question that arises in this connection is: can we
adequately estimate the total prediction error just from the scatter in these empirical
plots?

The answer, unfortunately, is no. The scatter in the plot has contributions from all
three sources of error, and it represents a distribution of the discrepancy between
measurements and prediction -- not between prediction and truth. And the measurements
are subject to measurement error, and the predictions are subject to measurement error,
parameter error and process error. If we use the discrepancy between measurements and
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prediction in the scatter plot as a quantification of the prediction error, we will have
overestimated the short-term prediction error. The misrepresentation of the long-term
prediction error will likely be even larger and, for rather complicated reasons, we will not
even know whether the long-term prediction error will have been over estimated or under
estimated.

Bear in mind that our estimation procedure for this stock recruitment relationship
example was based entirely on a short-term relationship, namely that between spawners
and recruits over the span of one generation. If we then use this to make alonger-term
prediction, over the span of several generations, the three error sources (measurement,
parameter, and process) will propagate differently. Note that a modeling application such
as acalculation of the probability of extinction has this character of projecting for severa
generations into the future.

Measurement error for initial conditions (basically the estimate of the number of
spawners for this brood, in this example) enters the projection once, as a simple
multiplicative factor. Parameter error will be a fixed value that holds for the duration of
the projection, but its effect will compound, more or less exponentialy, with each
generation. Process error gets re-sampled each generation, because a new expression of
the environmental "noise” manifests itself, so there will be a degree to which the process
error "averages out" over the generations, even though its effect compounds in each
generation. Thus we will get quite different results for the prediction and for the
prediction error of the projection, depending on how we apportion the error that we seein
the scatter plot among measurement error, parameter error, and process error.

As aresult, it is not so simple a matter as automatically assigning all the
regression scatter to the process error (which is what the parameter estimation step of the
Dennis model does), or automatically equating the jack-knife cross-validation residual
sum of squares with prediction error (which is what would happen in a naive comparison
of observed versus predicted conditions in a watershed with the EDT model). The correct
calculation of measurement error, parameter error, and process error is atechnically
involved undertaking that is not ssmply superimposed on a modeling effort as an
afterthought. It has to be built into the modeling, and it is a demanding part of the project.

The technical demands escalate as the model becomes more complex. For
example, fairly smple traditional methods for putting a conventiona "confidence
interval" on the estimate of a single parameter may not go too far astray for error analysis
purposes. As soon as there is more than one parameter involved, however, awhole world
of ambiguities open up if we try to estimate the prediction error by simply propagating al
the "confidence distributions' independently for al the parameters.

First of al, the parameter errors are generally not independent; and secondly,
conventional confidence distributions do not have the right probability properties for use
in error propagation. This is reasonably well known in the technical risk assessment
literature, but the solution involves considerable sophistication, and there is not a clear
consensus in this literature on all the details of implementing the solution. Broadly
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speaking, the key elements of the solution involve Bayesian methods to compute a "joint
posterior distribution” on the entire set of relevant parameters. The joint distribution takes
account of the correlation in error between various parameters, and usually resultsin a
much smaller computed value for the total prediction error than would result from
independently propagating all the confidence distributions on the parameters. Formally, a
posterior distribution has the right mathematical properties for combination with other
probabilities.

Difficulties with propagating parameter error are revealed clearly enough in
simple applications of the Dennis model for estimating distributions of time to extinction.
The forward projection stage of the Dennis model is a Brownian motion model, which
represents process error in its diffusion term. In the parameter estimation stage of the
Dennis model, confidence limits are put on the "average growth rate”" parameter, because
this falls out directly from the regression machinery that estimates this parameter as a
dope. This average growth rate parameter becomes the drift term in the Brownian motion
forward projection. Unfortunately no confidence interval is put on the estimate of the
"variance in growth rate" which becomes the diffusion term in the Brownian motion
projection, even though the uncertainty in this parameter is bound to be large (the
sampling variance for avariance is notoriously large, and declines slowly as the sample
size increases), and this parameter has a large influence on the result.

Furthermore, it is not realy clear in the Dennis model framework how to
propagate the confidence calculation for the one parameter, the drift term that is given a
confidence interval, through the prediction of extinction times in the projection stage.
Simple expedients, such as separately calculating distributions of extinction times using
the upper 95% confidence limit, the central estimate (MLE), and the lower 95%
confidence limit of the average growth rate parameter create new problems. What is the
meaning, for example, of the lower 15% tail of the time to extinction using the upper
95% confidence limit of the average growth rate parameter? It is not mathematically
legitimate to fold the "confidence" from a parameter estimate into the probability of
outcome in a projection conditioned on a particular data set. The two quantities are of
fundamentally different kinds -- too different to be combined.

The concession to simplicity of omitting density dependence in the Dennis model
savesit the difficulty of having to deal with even more parameters that would be even
more uncertain. The omission of density dependence, however, leads to other serious
problems. Part of the reason that conventional stock recruitment analysis has not revealed
strong density dependence in the Snake River chinook is, almost certainly, because the
carrying capacity of this system has not remained constant during the interval spanned by
the data. The dominant dynamics for the past several decades has been of populations
tracking the downward spiral of their carrying capacity in away that is "density
dependent,” but does not give a pretty Ricker-curve picture if we try to anayze it,
incorrectly, with an analysis that assumes constancy of the density dependence
parameters for the duration of the data set.
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These comments on the treatment of uncertainty analysis in simple applications
of the Dennis model do not detract from the many very positive aspects of CRI. In
addition, for the most immediate uses of this chapter of CRI in decision-making, these
criticisms are probably irrelevant. The immediate use of the Dennis model in CRI has
been to determine whether the various stocks are in imminent risk of extinction, and the
answer has already come in that they are. Building in more uncertainty analysis, just to
show that the risk of extinction perhaps is even higher, is probably unnecessary. Where
the uncertainty analysis will be important to the actual decision-making will be in the
detailed analyses to make selections among various interventions.
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Appendix I1. Description of Decision Support Systems Used to Guide
Salmon Recovery Planning in the Columbia River Basin

This appendix contains descriptions of different decision support tools (models) currently
informing salmon policy in the Columbia River Basin. We include descriptions of four
such quantitative analytical systems. Ecosystem Diagnosis and Treatment (EDT),
Cumulative Risk Initiative (CRI), Bayesian Belief Networks (BBN) of the Interior
Columbia Basin Ecosystem Management Project, and Plan for Analyzing and Testing
Hypotheses (PATH). The descriptions were taken with minor editing directly from
reports by primary authors of each modeling effort and are therefore in their own words.
Lars Mobrand of Mobrand Biometrics, Inc. described EDT, Peter Kareiva of the NMFS
Northwest Fisheries Science Center described CRI, Bruce Rieman of the USDA Forest
Service Intermountain Research Station described BBN, and David Marmorek of ESSA
Technology, Ltd. described PATH.

The following summaries do not contain all of the information needed to
understand the analytical systemsin detail. Readers are referred to appropriate
publications by project authors for more complete descriptions.

Ecosystem Diagnosis and Treatment (EDT)

Steps in the EDT analysis

The basic steps of EDT are captured in its name, Ecosystem Diagnosis and Treatment:

Ecosystem: The description of the biophysical environment of species and
populations of concern.

Diagnosis: Evauation of the “health” or quality of the environment with
respect to specific species or populations.

Treatment: The analysis of the impact of different strategies in changing
the existing environment toward one that is more compatible with the
needs of the species or population of interest.

More explicitly, in EDT we:

1. Describe the habitat template in terms of a set of physical attributes of the current
terrestrial and aquatic environment at the level of the HUC-6 (hydrologic unit code) .

2. Assess the habitat template in regard to how it affects biological performance
measured as productivity, capacity and life history diversity of salmon and other
species —i.e. derive a“survival landscape’ based on habitat conditions.

3. Evauate how regiona aternatives might change biological performance by relating
strategies to changes in environmental attributes.
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4. Capture our accumulated knowledge about the relationship between salmonids and
other aquatic and terrestrial species and their environment in the form of documented
“rules’ that explain or hypothesize survival responses to their habitat —i.e. organize a
repository of knowledge and information.

5. Perform sensitivity analysis to guide refinement and modification of management
strategies and or objectives and development of monitoring and evaluation plans.

More detailson EDT and the Framework Project can be found at the Framework web
site: http:/www.nwframework.com.

The data used in EDT

There are four major types of dataused in EDT. The first data category consists of
the 108 strategies that are selected and combined to make up an alternative. In the
Framework Project, these are arrayed across 10 ecological provinces to make an
alternative focused on a particular vision.

In EDT, we distinguish information that is actually observed from information
that is derived from other information. Most of the information that is routinely used in
natural resource management is actually derived from a smaller set of real observations.
For example, counts of adult salmon at mainstem dams, abundance estimates of spawning
fish and the number of fish harvested are all basic fisheries information that is expanded
or derived from a much smaller set of actual observations. As you might expect, to
describe the habitat of the entire Columbia River, we have to derive alot of the
information. We note where these derivations occur and base them on a set of explicit
rules. The description begins by filling in the available information for each of the 7,200
HUC-6 units. Where information is missing, the scientific literature and appropriate
experts are consulted to derive rules for filling in the gaps.

The next higher level of derived information is the assessment of the habitat with
respect to specific fish or wildlife species. Habitat quality is assessed for each life stage in
terms of productivity and capacity. For chinook salmon we distinguish habitat quality for
each of 16 life stages.

Finaly, the productivity and capacity is integrated over the entire life history to
derive the overall estimated productivity and capacity. A number of life history pathways
are tested to assess the impact on life history diversity as well.

The different data types are related through a set of rules that are the heart of the
EDT expert system. They are the basis for describing habitat and relating habitat
observations to the higher level environmental attributes and the resulting biological
response. The rules capture the region’s expertise and are derived from empirical
research, the scientific literature and expert opinion.
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There are four types of rules that call on different types of expertise. The first
links each of the 108 strategies to one or more of 51 types of habitat observations. Those
devising the strategies and aternatives intend them to result in some change in the
environment. Thisisformalized by capturing the knowledge of how different types of
actions (strategies) affect our 51 descriptors of habitat conditions.

The second type of rule links the observations to 44 Environmental Attributes.
These rules describe how the habitat observations are expanded to account for incomplete
or missing information. These rules are devised by hydrologists, geomorphologists and
other physical scientists to expand the direct habitat observational datato all 7,200 HUC-
6 units for all time periods.

The third rule category is based on the knowledge of biologists regarding life
stage survival response or productivity of specific speciesto one or more of the
Environmental Attributes for each HUC-6. The resulting Biological Metrics can be
thought of as 19 graphs showing the relationship between life stage productivity and
Environmental Attributes.

The final type of rule is an algorithm that integrates over the entire life history
pathway to compute total productivity and capacity. Thisis done for each successful life
history pathway to estimate life history diversity.

The scale and resolution of the EDT analysis

EDT paints a picture of the biological and physical landscape of the Columbia
River. The “pixel” size of this picture is the HUC-6 (hydrologic unit code) of which
there are approximately 7,200 in the Columbia River basin. These are organized in a
gpatial hierarchy to describe subbasin, ecological provinces and the Columbia River
basin. EDT describes the equilibrium condition of the basin as aresult of a set of
strategies. Timeis not afactor in EDT except in regard to the explicit description of the
various life history pathways of target species.

Biological resolution in EDT islimited only by the available data. The present
analysis assesses habitat conditions in terms of four species: two aguatic species, chinook
salmon and bull trout, and two terrestrial species, black bear and beaver. Data has been
assembled to distinguish 107 natural and 50 hatchery populations of chinook salmon as
well.

Measures of “performance’ in the EDT analysis

EDT measures biological performance in terms of three population parameters:
productivity, abundance potential, and life history diversity. Productivity is the density
independent component of survival times the rate of reproduction. Abundance potential is
the carrying capacity of the habitat. Productivity and abundance potential are assessed
for habitat in each life history stage. They are integrated over the life history to describe
performance of a particular life history pathway. The grain and variation of the habitat
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description means that there can be more than one potentially successful pathway across
the “survival landscape.” This provides an assessment of the strategies in terms of their
positive or negative effect on life history diversity as well as population productivity and
abundance. All three parameters reflect the ability of the environment to support salmon
production in the long term.

General philosophy and aim of the EDT

The general philosophy of EDT iswell grounded in established scientific
principles describing the influence of habitat structure on the characteristics of biological
communities. Specifically, EDT assumes that habitat characteristics determine biological
performance. Hence, changing habitat through natural events or by human action will
have a corresponding effect on biological performance.

A second philosophical point isthat EDT recognizes that the scientific basis for
decisions regarding the future of the Columbia River cannot and will not be limited to
statistically “proven” knowledge. While statistically based information is important,
scientists are increasingly aware that the complex and dynamic nature of ecological
systems is currently, and perhaps aways will be, imperfectly captured in statistical
relationships. Prudent management must take advantage of all available information.
For this reason, EDT uses both statistically based and heuristic knowledge.

The current application of EDT is to the Multi-Species Framework Project
sponsored by the Northwest Power Planning Council and federal and tribal management
agencies. The focus of the Framework Project is on the long-term vision for fish and
wildlife management in the Columbia River. Development of a vision involves
consideration of the types of strategies required and their impacts in terms of human
communities and other social and economic factors in addition to their ecological
impacts. EDT is being used in this context as a tool to facilitate long-term basin-wide
planning. However, it also will provide a basis for development of more detailed and
shorter term plans for individual subbasins.

Cumulative Risk Assessment (CRI)

The four key stepsto a CRI analysis

1.) Estimate the risk of quasi-extinction for known populations

2.) Construct demographic projection matrices that depict current demographic
performance rates and in turn can be used to calculate annua population growth rates
(assuming a “current conditions”).

3.) Perform sensitivity analyses to assess where in the life cycles of saimonids there are
the greatest opportunities for promoting recovery, as measured by changes in the
annual population growth rate. This can be done severa different ways. The smplest
is to manipulate the values in baseline matrices to represent particular demographic
improvements, and calcul ate the % increase in annual population growth rate that
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results. Thisincrease in annual population growth can then be converted into an
estimated reduction in quasi-extinction risk.

4.) For those demographic improvements that give a noteworthy response in terms of
population growth, identify management actions that might accomplish those
improvements, and use statistical analyses or experimental studies to determine
whether there is evidence that those improvements are actually feasible with the
management action being considered.

More details can be found in severa other documents available from the CRI website
(http:/www.nwfsc.noaa.gov/cri/).

The dataused in CRI

The primary data used by CRI are time series of population counts, and recruits
per spawner ratios. An example is given below, from fall chinook salmon in the Snake
River.

Table 1. Counts for Fall chinook salmon.

year spawners Recruits to
Recruits to spawning | spawning grounds
grounds (total) (minus jacks)

1980 515 2294 1285

1981 878 1555 983

1982 1209 1810 1224

1983 909 1986 1115

1984 717 1764 934

1985 1080 654 541

1986 1403 706 539

1987 1064 373 292

1988 702 747 710

1989 815 656 529

1990 273 284 227

1991 767 300 206

1992 674

1993 883

1994 448

1995 226

1996 964
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From this, one can calculate an extinction risk, and estimate how much we need to
increase annual population growth to mitigate this risk, as shown:

Table 2. Quasi-extinction risks for Snake River fall chinook salmon (based on data from

1980-1996).
avg. N over p(one spawner p(one spawner
Avg. | last 5 years within 10 yrs) within 100 yrs)
Fall Chinook 1.13 639 <0.0001 0.06
(0.89-1.44) (<0.0001-0.16) (0.0002-1.0)

Table 3. Quasi-extinction probability for Snake River Fall Chinook associated with
particular increasesin | .

p(one spawner within 100 years)

% changein | Fall Chinook
5 0.005

10 0.0003

15 1.3x10°

20 7.1x 107

It may also be possible to construct a detailed demographic matrix that can then
be used to simulate management experiments such as harvest reductions. Below, as an
example is the Snake River fall chinook salmon demographic matrix.

2 3 4 5 6
Age 0 0.129 0.652 0.198 0.020
frequency of
females (fy)
93-96 Ocean | 0.0123 0.0465 0.1368 0.1838 0.1953
harvest rate
(h)
Female eggs 14425 1566.5 1625.5 1625.5
per femae
spawner
(my)
Propensity 0 0.081 0.648 0.859 1.0
to breed (by)
93-96 Mainstem adult harvest rate 0.174
93-96 adult Bon to Basin conversion rate | 0.471
S 0.0102

These parameters are then substituted into the following matrix where,
mrepresents the age-specific fraction of ocean dwelling salmon that return to spawn (it
combine the probability of returning during that year, with the survival rate swimming
upstream, which includes harvest reductions as well as other mortality), s; represents
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survival during the first year of life, sa is survival as adults living in the ocean, and h;
indicates ocean harvest rates on fish in ageclassi.

1 2 3 4 5 6
1 0 0 (1-msibsmy (1-msibamy (1-msime (I-msime
2 (I-hp)sa O 0 0 0 0
3 0 (I-he)sa O 0 0 0
4 0 0 (1-bs)(1-hu)sn O 0 0
5 0 0 0 (1-bg)(1-he)sa O 0
6 O 0 0 0 (1-bs)(1-he)sa 0

This matrix can be used to simulate the consequences of reduced harvest, and
other management actions. Importantly, for many management actions (almost
everything other than harvest reductions) it is not certain whether a given action will
accomplish the desired demographic improvement. Thisiswhere the “feasibility studies’
come into play. For afeasibility study, the dependent variable will typically be recruits
per spawner, number of spawners, smolts per spawner, smolt-to-adult returns, or survival
during some life stage. Correlations are then sought between these measures of salmonid
productivity and variables such as number of hatchery releases, fraction of stream miles
failling to meet EPA water quality standards, and so forth. What CRI envisions as
feasibility studies also represent evidence that EDT uses in constructing its “rules”
relating stream attributes to salmon production.

The scale and resolution of CRI analyses

CRI is most effective when applied to distinct populations, or collections of
populations. Thisis because it focuses on population growth rate and a population’s risk
of extinction. The spatial scale at which CRI best operates ranges from subwatershed on
up to subbasin or basin. Asit is currently developed, CRI is not equipped to deal with an
entire province or region comprised of many populations and multiple ESUs. However,
there are plans for extending the CRI to this large scale (beginning with a technical
workshop in December 2000 at NWFSC, which was aimed at multiple populations and
ESU-wide priority-setting). CRI would never be used at the fine scale of a particular
reach or stream. CRI could never inform us about reach-specific or small-scale
management actions. The output of CRI often takes the form of: “ if this, then the
expected responseis ___”. CRI does not deal with individual fish at all, and also does
not deal with life history diversity. In the absence of data and statistical relationships, the
CRI does not venture very far with its analysis.

Measures of “paformance’ for the CRI analyss

The primary measure of performance for CRI is average annual rate of population
growth. This core measure is then the basis for two additional measures of performance:
risk of extinction over 10 years and 100 years, and the percentage by which annual
population growth is expected to increase with some management action. Although it is
impossible to validate “risk of extinction” as a performance measure, annua population
growth rate and % change in annual population growth can be validated — these are both
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measurable, and in fact are routinely available from the type of spawner or redd counts
typically made for salmonids.

CRI’ s general philosophy and aims

CRI’s three most distinctive features are:

1.) an emphasis on simplicity and simple models, so that others outside NMFS can repeat
their own analyses with slight modifications of the assumptions, new data, different time
periods, different levels of risk averseness, and so forth,

2.) astaunch empiricist’s skepticism, such that a priority is placed on relationships
supported by data, and that otherwise must be couched as “if this, then that” statements,

3.) focusing on population dynamics or demography as the window through which to
evaluate management actions.

Bayesian Belief Networks (BBN) of the Interior Columbia
Basin Ecosystem M anagement Proj ect

We were asked to evaluate the potential effects of three land management
alternatives on fishes and their habitats across the entire Interior Columbia River Basin
(ICRB). The ICRB represents an area of about 58 million hectares, and roughly 7,000 6'"-
code watersheds (also known as subwatersheds) (Figure 1) supporting 88 taxa of native
fishes. Those alternatives included spatially explicit aquatic conservation and restoration
strategies that dictated such things as riparian buffers, watershed analysis, and a system
of designated watersheds where aquatic conservation was emphasized over all other
management objectives. Information available for this analysis included an existing,
probabilistic assessment of the current status and distribution of seven “key salmonid”
fishes. It aso included independent, spatially explicit projections of the intensity and
distribution of ground disturbing/mitigating activities (e.g. logging, road building, road
closure) and anticipated changes in large scale patterns of wild fire associated with each
alternative.

Any evaluation of land management effects for the entire ICRB is a daunting task.
It is obviously complicated by the sheer size and complexity of the basin, and by the
relative lack of information and understanding of the physical and ecological processes
relevant at such alarge scale. This analysis was further complicated by an urgency in the
decision process that dictated an analysis completed in the course of only a few months.

There have been two basic approaches to the evaluation of broad scale land
management proposals. One, characterized in earlier iterations of the ICRB planning
process and other large Federal Assessments has used a summary of expert opinion. In
essence, available information is arrayed before a panel of scientists or resource
management specialists who provide an interpretation of likely outcomes based on their

Appendix Il - 53



ISAB 2001-1: Model Synthesis Report

background and experience. Although simulation or empirical models for some specific
linkages or environments might represent some of the available information, the system
is characterized largely in the participants minds. This approach proved unsatisfying for
severa reasons. (1) the huge body of information made it difficult to conceptualize and
account for multiple interacting effects; (2) The influence of the experts assumptions on
results of analyses could not be evaluated directly; (3) the analyses could not be revisited
or updated easily when management drivers or key assumptions were modified; and (4)
the results were not easily quantified or made spatially explicit and thus could not provide
aclear contrast among alternatives.

A second approach has been model based where predictions of species/system
responses are made through mathematical abstractions that attempt to characterize the
relevant physical and ecological processes. Formal, model based approaches directly
address the last three issues linked to expert judgement above. Important issues with
model based approaches include the invariable lack of information needed to
parameterize, or the computational resources and time to apply, very detailed models for
more than a handful of landscapes or populations. Although attempts to model whole
ecosystems have often incorporated remarkable complexity (e.g. EDT), it is not clear that
mechanistic detail necessarily leads to better predictions.

In our evaluation we attempted to resolve these issues by combining expert
judgement and arelatively simple, but formal model framework of Bayesian belief
networks (BBNS). Also known as Influence Diagrams, Causal Trees, or Probability
Networks, these networks are typically represented by box and arrow diagrams that
depict causal linkages among the physical and ecological factors that influence the
probability of an outcome or state of interest (e.g. the status of a bull trout population).
The linkages between elements or “nodes’ of the diagram are represented by conditional
probability tables that reflect the probability or frequency of a particular state given the
states in al “parent” nodes that directly influence the one of interest.

Bayesian Belief Networks provided an appealing framework for the ICBRB
analysis for several reasons. First, the networks are explicit, formal representations of
our knowledge, beliefs, and uncertainty for complex ecological systems. Essentially these
networks provide a means of articulating what we think about the causal web influencing
species and their habitats. The analysis and the logic underpinning it become far more
transparent than one based solely on expert judgment.

Second, representation of the linkages and outcomes as probabilities
acknowledges the lack of precision in predictive models that may arise through limited
understanding of the system, inherent variation in biological and physical processes, and
lack of data. A distinct advantage of this approach is the ability to combine information
derived empirically and from expert opinion. The subjective element of “expert”
judgment is clearly a contentious point, but in reality for this kind of analysis there is no
other option. By incorporating information from multiple advisors, areas of consensus
and disparity of opinion become obvious and can be reflected directly in the conditional
probabilities. Where a particular relationship is understood well experts and data will
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tend to converge on a strong distinction in probabilities anong alternative states. Where
it is not, differences of opinion or noise in the data will produce a more uniform
distribution among states reflecting either the lack of a strong ecological linkage or alack
of understanding.

Third, the networks can be as simple or complex as information and
understanding allow. The absence of mechanistic detail does not necessarily limit the
utility of amodel. For example there is good evidence of a relationship between the level
of land disturbance and the occurrence and persistence of bull trout. Most experts would
agree that substantial watershed disruption associated with high densities of roads and
logging will increase the likelihood that a bull trout population will not be strong. A
simple and potentialy useful model might include only that single linkage. Alternatively,
amodel could include additional detail such as the expected links between canopy
removal, stream temperature, juvenile growth and survival, population growth rate, and
extinction risk. The additional detail may be more appealing, but far more difficult to
support for an analysis across a huge region. The construction of networksis an exercise
in compromise that attempts to balance mechanistic detail with the strength of the
relationship implied by any linkage and the information and understanding available to
drive the model. Collapsing the model to fewer, simpler linkages does not necessarily
compromise the ability to make a prediction if the fundamental tie between the ultimate
driver (amount of land disturbance) and outcome of interest (bull trout status) is believed
to be relatively strong.

Finally, the computational demands are relatively simple. Networks can be
constructed easily with commercially available software or traditional statistical packages
suitable for matrix manipulation. Even the most complex networks can be updated and
resolved in a matter of minutes or even seconds on current PCs. For an analysis of the
ICRB this was extremely useful because it meant that we could replicate our analyses
across thousands of watersheds in the Basin limited only by our ability to develop the
tables of input information characterizing watersheds and the management changes or
trends expected with each alternative. That flexibility lends itself well to sensitivity
analysis that allows an exploration of model behavior, changing alternatives, and
competing worldviews.

Application to the ICRB

Our analyses focused on six salmonid fishes and their habitats. We considered
effects of the management alternatives on habitat on all lands, but for salmonids we
focused only on the potential spawning and rearing areas. We excluded consideration of
areas classified only as corridors or seasonal habitats for three reasons. 1) spawning and
rearing habitats are the critical areas found predominantly on Federal land and are the
habitats most sensitive to Federal land-use management; 2) spawning and rearing areas
are more likely to be in headwater systems; and 3) we have poor understanding and
ability to predict the influence of multiple effects over the very large and complex
catchments contributing to downstream habitats. We do not imply that federal land
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management does not influence more downstream areas, but that its effects will be more
evident, predictable, and important in spawning and rearing areas.

For the purposes of our evaluation, we assumed that landscape conditions and
management effects were immediate. Lotic habitats and fish populations are dynamic.
They are continually responding to changes in landscapes as a result of management and
natural processes. Some responses may occur quickly, whereas others may lag years or
decades behind the changes on the landscape. Our results therefore cannot be viewed as
absolute estimates of the number of strong populations or high capacity habitats that will
exist. Rather, they are measures of the relative differences that may be expected among
locations and species, given estimates of current and future landscape conditions
associated with each alternative.

Network Structures

Within the limits of available information, we attempted to represent physical and
biological processes most likely to influence distribution and dynamics of the salmonids
and their habitats. Our networks were characterized by a collection of components
(nodes) that represented environmental states or processes and two variables of primary
interest, aguatic habitat capacity and the future status of each salmonid.

Within the geomorphic constraints of any watershed, upslope disturbances (e.g.,
logging, roads, fire) that cause accelerated production of sediment, alter hydrologic
regimes, or alter the characteristics of riparian areas are generally accepted as primary
drivers that influence the condition of habitats for fishes in wildland systems. In our
network aguatic habitat capacity depended on: (1) generation and delivery of sediment;
(2) the occurrence of large channel reorganizing floods; and (3) the condition or integrity
of the riparian corridor. Sediment was defined as the relative amount of sediment
entering streams above natural rates. It was influenced by road density and ground
disturbance (i.e., logging, thinning and prescribed fire), topographic conditions (sope
steepness), and management activities designed to mitigate erosion or sediment delivery
(standards and guides). Hydrologic effects included probability of flood/debris-flow
events that could reorganize large portions of the steam network. These events were
influenced by the probability of having a flood-generating storm, by slope angle (dope 2)
and the occurrence of large fires that dramatically alter hydrologic function (fire-rain).
Riparian condition was perceived as those characteristics influencing shading and climate
moderation, bank stabilization and water storage, and delivery of coarse and fine organic
material. It was influenced by prior riparian condition, future grazing, and management
activities intended to conserve or restore riparian function (standards and guides).

Salmonids can be strongly influenced by the physical capacity and quality of
habitat. Status of many populations, however, is not strictly a function of local habitat
conditions. Introductions of exotic species or the loss of some keystone forms such as the
anadromous salmonids may have profound effects. Larger scale habitat fragmentation
and isolation from surrounding populations can also be important.
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For these reasons the future status of the salmonids in each subwatershed was
conditional on one or two factors that were independent of local habitat capacity. The
future status of resident salmonids (bull trout, Y ellowstone and westsl ope cutthroat trout,
redband trout) depended upon aquatic habitat capacity and on biological potential of the
existing population. In addition to these two, status of anadromous salmonids (stream
type chinook salmon, steelhead) also depended on conditions influencing survival of
migrants to and from the ocean (migrant survival). Biological potential represented
constraints on population resilience, productivity, and size, dependent on current
condition of the population (current population status), the biotic effects associated with
introduction or loss of members of the associated fish community (exotic threat,
anadromous loss) and potential for demographic support from surrounding populations
(refounding and support, connectivity). Migrant survival depended both on conditionsin
the migratory corridor (i.e., number of dams that must be passed by migrating fish) and in
the ocean.

Conditional dependencies in the aquatic habitat and population status networks
were estimated using a combination of expert judgement and empirical relationships. The
conditional probabilities linking directly with salmonid status were estimated
independently for each species. For many of the key nodes we relied on multiple experts
and averaged their estimated probabilities to reflect the relative uncertainty in collective
beliefs. Any disagreement among experts produced a more uniform distribution of
probabilities across states reflecting greater uncertainty in the conditional dependencies.

Available Information

Existing syntheses of landscape characteristics, fish assemblages, and an
interpretation of planned management activities based on the alternatives outlined in the
Supplemental Draft Environmental Impact Statement (SDEIS) represented the primary
information available for our analyses. The biophysical coverages summarized to
subwatersheds were obtained from the Interior Columbia Basin Ecosystem Management
Project. Predictions of the land management activities included estimates of road density,
mechanical ground disturbance, livestock grazing, and probability of large wildfire. In
addition, we developed our own series of rulesto assign alevel of conservation and
restoration (high, moderate, low) in each subwatershed based on the management
direction outlined in the SDEIS alternatives.

All inputs for the networks were summarized from equivaent (species status and
distribution) or finer resolution (landscape data derived at 1 km pixel) information.
Variables represented by the nodes in our network then are viewed as conditions
representative of entire subwatersheds.
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Plan for Analyzing and Testing Hypotheses (PATH)

Our primary focus in the work accomplished to date has been to make a start at
developing some tools and procedures for conducting quantitative analyses of
experimental actions. We have developed a set of experimental management (EM)
modeling tools that allow us to quickly assess the biological/conservation consequences
and learning opportunities of actions that affect overall survival of Snake River spring
and summer chinook salmon. These models are intended to provide a starting point for
additional work after PATH is discontinued.

We have used these models to conduct some preliminary screening and analyses
of the short-list of actions. These analyses are preliminary because:

1. We have not done a thorough assessment of the feasibility of implementing these
actions. Because of this, we have evaluated a set of generic and hypothetical
experimental actions without speculating about how these actions might be actually
implemented.

2. We have only looked at the effects of individual actions; combinations of actions may
be more effective.

3. We assume that an action will have some effect, then assess the resulting biological
and learning consequences. We have not assessed the weight of evidence in support
or against the assumed magnitude of effects.

4. In most cases, we have only looked at how long it would take to detect effectsin
overal survival, from spawner-recruit data.

Our preliminary assessments should therefore be viewed as illustrations of “what
if” scenarios of management experiments. We address the question “ Suppose that a
particular action could be feasibly implemented and had a particular effect on Snake R.
spring/summer chinook populations: What would the biological consequences of such an
action be, how difficult would it be to estimate that effect from spawner-recruit data with
reasonable confidence, and what are the resulting trade-offs between learning and
biological objectives?” These assessments are useful for developing and testing our EM
models, and for providing some broad guidance on the learning and conservation
implications of various actions.

Outputs
A. Biological

The primary output of the model is projected numbers of spawners and recruits
for seven Snake River index stocks of spring / summer chinook. From these, we calculate
probabilities of exceeding 1995 BiOp recovery and survival thresholds® over 24 and 100

1 These are the probabilities that the number of spawners of 6 out of the 7 index stocks will exceed
survival and recovery threshold numbers of spawners. Survival thresholds range from 150 to 300 spawners;
recovery thresholds range from 350 to 1150 spawners, depending on the stock.
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years (survival standards) and 24 and 48 years (recovery standards). We also calculate the
probability of going to one spawner or lessin agiven year (over 10 and 100 years) as a
guasi-extinction metric similar to that used by CRI in their August 1999 document.

In order to calculate these metrics, we assume that actions will be maintained for
the duration of each metric’'s time horizon (i.e. 24 and 100 years for survival
probabilities, 24 and 48 years for recovery probabilities, and 10 and 100 years for quasi-
extinction metrics). With the possible exception of the drawdown actions, this
assumption is probably not realistic because if one discovers a suite of actions that meets
survival and recovery requirements, one likely would not continue with the original
on/off experiment. The population metrics included here may thus be viewed as a relative
index of the biological consequences to the stocks, if the experimental actions were
continued indefinitely.

Probabilities of exceeding survival and recovery thresholds are lower in this
analysis than in previous PATH reports because of differencesin some of the
assumptions and data used in the model:

» Because we use 1978-1994 as representative of current conditions, we are assuming
that the poor ocean conditions that existed in this time period continue into the future.

« We have assumed in most cases that extra mortality? is “here to stay”. That is, we
assume that the same high level of extra mortality that was experienced in 1978-1994
continues on into the future.

* Thisanaysis uses updated spawner-recruit data, which includes spawner data up to
1999. Spawner numbers in these years were generaly low, with zero spawnersin
some years for Marsh Creek and Sulphur index stocks.

B. Learning

The main metrics of how much can be learned from an action are expressed in
terms of the probability of estimating effects of an action over various time frames, or,
conversely, how long it would take to estimate an effect with a certain level of
confidence. Various criteria can be applied to determine how long an experiment needs to
be run to estimate effect sizes that reflect the risk preferences of decision-makers. We
present three examples for illustration:

1) one approach might be to require the experiment to not have a negative estimated
effect on survival. In this case, decision-makers would want to know the probability
of estimating any non-zero effect on survival rates, and how this probability changes
as the experiment goes on. This is the least stringent of the three examples; the effect
can be estimated with high probability in arelatively short period of time.

2 Extramortality is defined as any mortality occurring outside the juvenile migration corridor that is
not accounted for by: (1) productivity parametersin the spawner-recruit relationship; (2) estimates of direct
mortality within the migration corridor; (3) common year effects influencing both Snake River and L ower
Columbia River stocks; and (4) random effects specific to each stock in each year.
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2) decision-makers may want to know that the estimated effect of the action is close to
(say, 80% of) its hypothesized effect. When hypothesized effects are large, thisis
generally the most difficult criterion to meet (i.e., probabilities of meeting it are
lowest).

3) if one applies standard criteria for designing experiments, we would want to be fairly
certain that we do not claim that an effect exists when in fact the action has no effect.
To do this, we define acritical effect size (Dm*), which is set at alevel that
minimizes the probability (0.05 or less) of incorrectly concluding that there is an
effect when in fact there is none. The probability of detecting this critical effect size,
if it exists, is called the “power” of the experiment; the higher this probability, the
more “powerful” the experiment. This is the most difficult criterion to meet when
hypothesized effects are small.

Model Structure

The model is based on the Ricker model of Recruits vs. Spawners that is used for
most analyses of Pacific salmon populations. Natural log units are used to linearize this
model because this makes it easier to deal with the wide variability that characterizes
most spawner-recruit data sets and to estimate the model’ s parameters®. The mode can be
expressed as.

IN(Ri+/Sit) = & + biSit +m + e
or alternatively as. RIS W productivity carryingcap.  year error term
factor factor effect
for each stock, eachstock, all stocks, each stock,
all years all years eachyear  each year

These parameters are estimated from historical spawner-recruit data, then used in
forward projections to simulate the effects of actions. Assumptions about the effects of
experimental actions are implemented in the model through the “my” or “year effect”
term, which can be thought of a general survival factor for each year that affects all
Snake River spring chinook stocks simultaneously. In the model, m values are calculated
relative to the average survival rate from spawner to recruit over the entire historical time
period (1958 to 1994). For years when m = 0, overall surviva was equal to the long-term
average. When m is positive, overall survival was better than average; when m is
negative survival was worse than average. Because my is in natural log units, every unit
increase (decrease) in m increases (decreases) survival by afactor of 2.7 (1/ 2.7) relative
to the historical average. For example, when m = 1, survival in that year was 2.7 times
the historical average. When m = 2, survival in that year was 7.4X the historical average
(=2.7 X 2.7). When m = -1, surviva in that year was 0.37X the historical average (=1/
2.7).

3 When natural log units are used the error term, which for spawner-recruit data is assumed to follow alog-
normal distribution, istransformed into a normally-distributed parameter. Thisallows usto fit alinear
model to the log-transformed data.
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Modding Process

1. Estimate model parameters (&, bi, m, ej;) from historical spawner-recruit data (Figure
ES-1).
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Figure ES-1: Estimation of m from historical data (left) and historical time series of m (right). Spawner-
recruit data shown in left panel is ahypothetical dataset generated for illustration purposes.

2. Specify afuture time series of m for smulating experimental actions. The future time
seriesof m =

an historical m value selected at random from the 1978-1994 m values (thiswas
used as the base period because conditions between 1978 to 1994 were assumed
to be most like present conditions)

plus

a hypothesized effect on survival of the future action (thisterm is called Dm). For
example, consider a hypothetical experiment in which some action is turned on
and off in successive years. If this experimental action is hypothesized to cause a
2.7-fold improvement in survival in each year the action is implemented
(“treatment year”) relative to years where the treatment is not applied (“control
year”), the time series of Dm values for the forward simulation would be Dm =1,
0, 1, O, etc. for the duration of the experiment.
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The result is a future time series of Dm values that shows how an action is
hypothesized to change overall spawner-recruit survival rates from the survival rates
experienced between 1978-1994 (Figure ES-2 shows an example using the Dm=1/0 in
on/off years example).

3 4 " mt selected from base period
—— mt + delta-mt
2 /‘ 7.4
-1

AN
[eAIAINs ul aBueyd ‘jay

T — A
-2 V 15 0.14
-3 0.05
1995 2000 2005 2010 2015 2020

Year

Figure ES-2: Example future time series of my values for forward projections of Dm=1,0 on/off
experiment.

3. Usethe future time series of m, along with historical estimates of the other model
parameters (a, b, e) to project populations through the experimental period. Simulate
future data collection and analyses. Estimate Dm as the difference in average
simulated In(R/S) in treatment and control years (Figure ES-3). Calculate
probabilities of recovery, survival, and extinction.
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Figure ES-3: Method of estimating Dm from future time series of In(R/S) data. Data are hypothetical
examplesfor illustration purposes only.
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4. Do this over multiple trials (i.e., many alternative futures) to get a frequency
distribution of estimated Dm and biological metrics for different lengths of experiments

(longer experiments = more data = better information) (Figure ES-4). Calculate
probabilities of detecting various levels of Dm. Earlier in Section ES.3 we presented three

examples of effects decision-makers may be interested in. These effect sizes can be
trandated into terms of Dm (Table ES-2). The frequency distributions are used to

calculate the probabilities of estimating these Dm values.

Table ES-2. Dm equivalents of three example effect sizes decision-makers may be interested in

estimating.
Effect Corresponding Estimated Dm value
Experiment has no negative effect on survival Dm3 0
Effect of the action is close to its hypothesized effect Dm?3 0.8 X the “true” hypothesized Dm value
Statistical “critical” effect size (Dm*) Dm* 3 1.64 X std. deviation of the estimated Dm
3 20X ¢
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Figure ES-4: Distribution of estimated Dm values for a 1/0 on/off type of experiment of various
durations.

Inputs
The primary model inputs are time series of Dm values for each experimental action,

where these Dm' s represent hypotheses about how the action will affect overall surviva
rates relative to those experienced from 1978 to 1994. These are specified for a series of
“generic” actions, in addition to the six experimental actions.
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Appendix I'11. Written Responses of the Principal Scientiststo
the ISAB’s Questions about Their Analytical Approaches

Contents:

ICBEMP ANSWERS 66

CUMULATIVE RISK INITIATIVE ANSWERS 75

PATH ANSWERSPART | - GENERAL AND FLUSH 87

PATH ANSWERSPART Il - CRISP AND ALPHA LIFE CYCLEMODEL 100
PATH ANSWERS PART |1l - EXPERIMENTAL MANAGEMENT 104
ECOSYSTEM DIAGNOSISAND TREATMENT ANSWERS 111

CRITFC COHORT MODEL ANSWERS 120

In undertaking this project, the ISAB requested the assistance of the principal
scientists involved in each analytical approach. The ISAB asked that they: 1) provide
written responses to a series of questions about their modeling effort, 2) give an ora
presentation of their responses and participate in a discussion of the responses with the
ISAB, and 3) participate in a panel discussion with the ISAB and the representatives of
each of the modeling efforts. The principal scientists were informed that their responses
would be incorporated into and appended verbatim to the ISAB report. Each of the
scientists provided written responses, which were distributed to the other participantsin
the May 2000 workshop at the Northwest Power Planning Council officesin Portland.
This appendix contains the responses.

The ISAB asked the principal scientists to address the following questions in their
written responses and oral presentation:

1. What is the purpose of your modeling effort? What questions or problems were your
models designed to address?

2. Summarize the major conclusions of your modeling effort relative to the four H's:
habitat, harvest, hydropower, and hatcheries. Specifically, state your model’s conclusions
relative to the following:

a. The efficacy of dam breaching or drawdown to natural river levels for delisting
ESA species and restoring diverse and productive populations of native fishes
throughout the Columbia River Basin?

b. The efficacy of hatcheries for delisting ESA species and restoring diverse and
productive populations of native fishes throughout the Columbia River Basin?
Consider hatcheries that mitigate for lost habitat and those used to supplement
depleted stocks.

c. Allocation of harvest and harvest levels needed to delist ESA species and

restore diverse and productive populations of native fishes throughout the
Columbia River Basin?
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d. The efficacy of restoration of tributary and mainstem habitat for delisting ESA
species and restoring diverse and productive populations of native fishes
throughout the Columbia River Basin?

3. What kinds of information or data are needed to run your model?

4. What are the strengths and weaknesses of your model?

5. What are the assumptions of your model ?

6. How does your model address uncertainty?

7. All models make predictions. Why do you think your model’ s predictions are
accurate?

8. How does your modeling effort relate to or contrast with the other three modeling
efforts?

9. What advice would you give decision-makers on how they should use your model to
support decisions regarding salmon recovery in the Columbia River Basin?
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|CBEMP Answers

Submitted by:

Bruce Rieman, USDA Forest Service, Rocky Mountain Research Station

Philip Howell, USDA Forest Service, Pacific Northwest Research Station

James Peterson, Cooperative Fish and Wildlife Research Unit, University of Georgia

1. What isthe purpose of your modeling effort? What questions or problems were your
models designed to address?

Our models were devel oped to evaluate the relative effects of proposed land
management plans on aquatic habitats and species on Forest Service and Bureau
of Land Management lands in the Interior Columbia Basin. Specifically, our
models were used to compare the expected changes (from current conditions) in
aquatic habitat capacity and future population status of six salmonid species
among three land management alternatives. The species examined are relatively
widely distributed on FS/BLM and included bull trout, westslope cutthroat trout,
Y ellowstone cutthroat trout, redband (resident rainbow trout), stream-type
chinook, and steelhead. Our results were projected at 10 and 100 years from
present and summarized for 6™ code hydrologic units containing FS/BLM lands,
all lands (public and private), and other subdivisions (e.g., ESUs) within the
ICBEMP management area. Relative trends for projected habitat capacity of the
6™ code watersheds associated with 17 other native fishes classified as sensitive
(Leeet a. 1997) were also summarized, but we did not project population status
for these species. The Supplemental Draft Environmental Impact Statement
describing the model in detail will be released for public comment in the near
future.

2. Summarize the major conclusions of your modeling effort relative to thefour H's:
habitat, harvest, hydropower, and hatcheries. Specifically, state your model’s
conclusions relative to the following:

a. The efficacy of dam breaching or drawdown to natural river levelsfor
delisting ESA species and restoring diverse and productive populations of
native fishes throughout the Columbia River Basin?

Our models are not useful for evaluating the efficacy of dam breaching or
drawdown. Dam effects were included in our models because our direction was
to provide as much spatial detail as possible and because dams could potentially
obscure the effects of changes in spawning and juvenile rearing habitat associated
with each of the aternatives. Our models reflected a strong belief that mainstem
dams have an important influence on migrant survival that may constrain the
response of populations to habitat conditions.
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We evaluated two scenarios: one in which migrant survival in Snake Basin
chinook and steelhead areas was classified as low and another where migrant
survival was classified as moderate. Even though the manipulation of migrant
survival produced positive changes in some outcomes in the status of chinook and
steelhead, the relative performance of the SDEIS alternatives did not change.
Although our models reflected the belief that dams have an important influence
on survival, that influence had essentially no effect on the projected differences
among the alternatives we were asked to evaluate.

b. The efficacy of hatcheriesfor delisting ESA species and restoring diverse and
productive populations of native fishes throughout the Columbia River Basin?
Consider hatcheriesthat mitigate for lost habitat and those used to supplement
depleted stocks.

The efficacy of hatcheries was not addressed in our models.

c. Allocation of harvest and harvest |evels needed to delist ESA species and

restore diverse and productive populations of native fishesthroughout the
Columbia River Basin?

The allocation of harvest levels was not addressed in our models.

d. The efficacy of restoration of tributary and mainstem habitat for delisting
ESA species and restoring diverse and productive populations of native fishes
throughout the Columbia River Basin?

Our models are useful for considering spatially explicit trends that may result
through habitat and land use management on Federal lands. We do not believe it
is possible to predict the absolute change in habitat capacity or quality, or the
absolute change in abundance or productivity of the fish stocks associated with
these lands at this scale of analysis.

Our models focused on the effects of Forest Service/BLM land management and
restoration of spawning and initial rearing habitat for six salmonids fishes in the
Columbia Basin east of the Cascade Range and outside of federal lands managed
under the Northwest Forest Plan. Although we considered all public and private
lands within the ICBEMP management area to provide alarger context, the
alternatives and their outcomes varied only on FS/BLM lands. The relative effects
of proposed federal habitat conservation and restoration on listed and unlisted
species were a so influenced by the species’ biological potential (e.g., current
status, threat of exotics, refounding and support of adjacent populations) and
mainstem migrant survival for anadromous species.

Although the outcomes varied by alternative, species, and strata, all three SDEIS
alternatives projected positive long-term trends relative to current conditions in
aguatic habitat and to a lesser degree, in species status. All of the aternatives
were projected to maintain core areas, where populations are currently strong and
more widely distributed. We projected some rebuilding of depressed populations,
especially in watersheds identified for restoration emphasis. Although habitat
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conditions were expected to improve under each aternative, there was more
uncertainty associated with the responses of many populations due to constraints
of non-habitat factors (e.g. isolation, exotic species, migrant survival). Some
declines in habitat conditions were projected in the short term under aternative 3.

3. What kinds of information or data are needed to run your model?

Predictions or coverages of the following for each 6™ code HUC on Federal Lands
within the Interior Columbia River Basin analysis area:

Road density
Slope class

Proportion of the area influenced directly by ground disturbing activities
(e.g. logging, skidding, prescribed fire) per decade

An interpretation of the level of habitat mitigation and restoration
described or implied in the management alternatives

Grazing intensity

Past management history (e.g. wilderness, intensively or lightly managed
forest)

Probability of large wildfire
Occurrence of introduced fishes

Status of existing populations of the particular species modeled

Where current species status is ‘absent’, a prediction of potential for
spawning and rearing

Status of populationsin surrounding 6 code HUCs

Connectivity among 6" codes HUCS within the encompassing 4" code
HUC

Number of dams that must be passed by anadromous fish

4. What are the strengths and weaknesses of your model ?

Past attempts to eval uate the alternatives of the previous ICBEMP DEIS and
similar large scale management proposals, such as FEMAT, focused on arraying
available information (e.g., management direction, projected levels of activity,
knowledge of fish or habitat distribution and status) and then asking one or more
experts to formulate opinions about the likely future status or trend of habitat and
populations across the affected range. This was an unsatisfying and contentious
approach for several reasons. The interpretations represented a synthesis that was
subjective and not logically explicit. It was difficult to conceptualize and account
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for the complexity of the management direction and the multiple interacting
physical and biological effects. Although assumptions could be stated, it was hard
to determine how those assumptions may have influenced the outcome or
uncertainty in the outcome. Because the analysis was based on individual
interpretations of all of the data, it was difficult to replicate or update the analysis
when the management alternative or key assumptions were modified. The results
were not easily quantified and were not spatially explicit. Management and its
effects were generalized across a large heterogeneous landscape. It was difficult

to evaluate the relative differences among alternatives and the uncertainty in any
predicted outcome.

We believe our approach provided several distinct advantages. Complex physical
and biological interactions and management alternatives could be
compartmentalized into simpler, more comprehensible components. By
formalizing our understanding and assumptions, we provided a framework for
exploration of differences in the management alternatives that is quantifiable,
gpatially explicit, and flexible. The networks can incorporate both quantitative
and qualitative information, which is essential to any analysis attempted at this
scale. Our assumptions and model relationships can be tested, and the analysis
repeated in a consistent, expedient manner. Critical uncertainties for management
can be determined, and the structure of the networks can be changed to explore
the sengitivity of results to those uncertainties.

Despite these benefits these networks have important limitations. Our analysisis
limited by the subjective nature of the information available to us, by the quality
or accuracy of the data that do exist, and by our understanding of and ability to
describe key linkages in aguatic ecosystems at this scale. In many cases, the
landscape data represent only surrogates or correlates of key elements or
processes. Often the interpretation of any process was based on models requiring
extrapolation across spatial and temporal scales. We view the networks as very
simple abstractions that represent our attempt to capture the way we think about
systems and the relative importance of the different processes influencing fish.
They are arelatively simple means of replicating a professional interpretation of
conditions and effects in a consistent way across a very complex landscape. They
may exaggerate some patterns and under represent others. Uncertainty is explicit
in the use of conditional probabilities. This uncertainty reflects the limitations of
understanding and information but also means that trends and differences can be
obscured. Because much of the information represented in the networks is
subjective and represents the strength of the belief in those relationships, the
results can be viewed only as relative trends among alternatives and not as
predictions of the absolute number or true probabilities of high quality watersheds
or extant populations.
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5. What are the assumptions of your model?

Our key genera assumptions are listed below. Other assumptions related to
interpretation of specific elements of the alternatives or the model are described
in other analysis documents. There are many assumptions inherent in the
development of the model structure and the parameter estimates (i.e., conditional
probability tables [cpts] ) that are not captured in thislist. In some cases,
particularly where we used expert judgment to develop the cpts, those
assumptions are captured in the model but are not described in the model
documentation.

We assumed that the interpretation of the SDEIS and resulting predictions of
landscape characteristics and disturbance provided by the landscape team is
accurate in value and spatia representation. We similarly assume that information
derived from the ICBEMP Scientific Assessment (e.g., Quigley and Arbelbide
1997) and available in existing basin coverages is accurate. We know that errors
exist in the data and in some cases the relative magnitude of the error is not
quantified. However, we assumed that those errors do not meaningfully
compromise the results of the analysis.

We assumed that decreases in road density reflect the actual removal of roads and
most of their related adverse effects on the landscape. It is recognized that
removal may not include re-contouring if inappropriate, but does include re-
vegetating and no vehicular use and the restoration of hydrologic function.

Our definition of aquatic habitat capacity implies that arange in habitat conditions
Is possible even without human disturbance and that habitat will vary through
time in response to natural disturbance and vegetation succession. We do not
assume that optimum conditions always will exist in the absence of human
activity. We did assume that a subwatershed (HUC 6) in which sediment input,
riparian habitat, and hydrologic regime have not been substantially altered by
human activity will be more likely to contain aquatic habitat conditions that are
closer to optimum for indigenous salmonid species than a subwatershed where
one or more of these components have been considerably altered by human
activity.

We assumed that aguatic restoration needs are apparent and that the habitat
restoration methods to be used will be effective.

We assumed that the each of the alternatives would be fully implemented to
achieve the objectives and meet the standards as described.

We assumed that field units will be staffed with adequate aquatic expertise to
effectively implement analysis, conservation, and restoration direction.

We assumed that there is greater uncertainty regarding the effectiveness of
restoration compared to conserving existing high quality aquatic habitat.

Some point source impacts, such as mining, could adversely affect aquatic habitat
condition under all aternatives, but there were inadequate data to determine their
potential effectsin aspatial context.
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We assumed that interim FS direction for roadless areas will be replaced by
comparable long-term direction for FS lands. That direction primarily restricts
road building, but does not change the management allocation. For example,
timber harvest and other uses could still occur but would be limited to access not
dependent on new roads. It was assumed the existing minimal level of road
construction on BLM lands will continue.

Even though the belief networks employ probabilities, we do not assume that they
are accurate estimates of true probabilities or "risks." Rather, they represent the
strength of our belief in the status or trends for particular elements of the system.

We assumed that the differences among experts that estimated conditional
probabilities in our networks represented uncertainty in outcomes resulting from
inherent variability in the system and uncertainty in our understanding of nature.
Differences or confusion in the interpretation of or the definition of states of
nature reflected the limitations of our understanding.

It is known that the predicted results of management activities and alternatives at
10 and 100 years will continue to be influenced by succession and evolution of
the system into the future. For the sake of the evaluation, however, we assumed
that the biological response was an immediate result of the landscape conditions
at the point of evaluation (i.e., 0, 10, 100 years).

Where 6" code HUCS (subwatersheds) were not true watersheds but composites
of a high order mainstem reach and low order tributaries we assumed that habitat

conditions for fish in the subwatershed being evaluated were represented by the
mean of conditions in contributing subwatersheds.

We assumed that the effects of federal 1and management activities on salmonid
fishes will be most influential and measurable in spawning and rearing habitats.
Our analysis was limited to subwatersheds classified as existing or potential
spawning and rearing habitat. We assumed then that Federal land management
does not significantly influence the condition of populations outside these areas.

We assumed that the status and trends of salmonids and their habitats are suitable
indicators of the conditions in aguatic ecosystems in general related to federal
land management.

We assumed that climate change would not influence the relative differences
among the alternatives.

We assumed that factors influencing the condition of habitats for fishes that are
not explicitly represented in the models are incorporated as additional uncertainty
about the likely future status.

For subwatersheds with multiple ownership or management direction, we
assumed that the net effect of the mix of prescriptions across the different
management areas was the area weighted average of the probabilities associated
with each.
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We assumed that the uncertainty associated with each estimate of subjective
probability in the cptsistrivial compared to the overall uncertainty in the model,
and hence treat each of these probabilities as point estimates. Further, we did not

weight the information provided by individual experts and, therefore, assumed
that each had the same level of relevant knowledge.

We assumed that planning and analysis at levels of organization below the
Interior Columbia Basin (e.g. subbasin review and watershed analysis or EAWS)
would be necessary to effectively implement the direction in the SDEIS. We
assumed that these analyses where required would be effective and resulted in the
proper citing of conservation and restoration measures. Where these analyses
were not required we assumed greater uncertainty, and less success in producing
the intended outcome.

6. How does your model address uncertainty?

The uncertainty surrounding future outcomes was explicitly incorporated in our
model through the use of probability. We modeled the relationships among states
using conditional probabilities in the form of subjective (belief) and empirical
probability estimates. All model inputs were probabilistic with the exception of
average subwatershed slope, which was deterministic (i.e., known). The model
outputs were expressed as the probability that future habitat capacity and
salmonid popul ation status were in each of 3 states.

7. All models make predictions. Why do you think your model’s predictions are
accurate?

We don’t think our predictions are accurate in the absolute sense. That iswe
don’t believe the probabilities we estimate for a particular state in habitat
condition or species status reflect true probabilities. As stated in #4, our models
relied, to a great extent, on the subjective belief of experts due to the complex
nature and lack of empirical data and models for estimating the effects of land
management at large scales and over long time frames. Thus, the models should
be considered as explicit formalized thought-processes rather than empirically
based predictive models. Because we sampled awide array of expertsin the
physical and biological sciences, we believe that the models are “accurate” in that
they faithfully reflect the collective beliefs of experts as to the influence of land
management on aguatic habitats and salmonids. Human judgments of subjective
probability, however, are often inconsistent with probability laws and definitions.
In contrast, the empirically derived components of our model were relatively
accurate, with an average cross-validation error rate of 21%, across species and
components.
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8. How does your modeling effort relate to or contrast with the other three modeling
efforts?

It appears to us that each effort had very different objectives.

Our models were designed to analyze the relative effects of the SDEIS
alternatives on freshwater salmonid habitat capacity, particularly on federal lands,
and future population status of both resident and anadromous salmonids
influenced by FS'BLM management. They were not designed to assess the risks
of al of the factors affecting salmonids in the Columbia basin throughout their
life cycles and various life histories or the risks associated with the Snake River
dams. PATH and EDT are large, complex models, whereas the effects of
mainstem dams in our models are reduced to a single variable and associated set
of probabilities generated by an expert panel. In essence that component of the
system that other groups have tried to analyze through very complicated
approaches was distilled to some very broad assumptions in our analysis. Our
panel assumed that dams have an important influence on the survival of salmon
and steelhead that can in some cases outweigh the effects of habitat--our models
did not tell usthat. Based on some of the CRI results, the assumption used in our
model may have been too conservative. Based on other anayses they may have
been appropriate. Either may beright. It was not our intent to enter that debate
or to attempt to resolve the uncertainty. Because of the uncertainty, we
conducted two sets of analyses with a range of assumptions regarding the
influence of the Snake River dams. Regardless of the assumptions used, the
trends among the alternatives we were asked to evaluate remain the same.
Although differences in those assumptions make a large difference in the absolute
number of salmonid populations predicted to be present through our models, they
have no effect on the relative differences among the aternatives. We emphasize
that the absolute numbers are not particularly meaningful in interpreting our
results. Furthermore, any differences or similarities among our models and other
salmonid models for the Columbia in terms of how migrant survival is modeled
have no effect on the projected outcomes of the alternatives on freshwater habitat
capacity of anadromous species or other fishes on FS/BLM lands, where the
aternatives are most directly influential. The original aquatic science assessment
(Lee et a. 1997), subsequent published papers, and the SDEIS evaluation have all
stressed the importance of maintaining and restoring freshwater habitat to the
persistence of anadromous species, regardless of the relative impact of migrant
survival or other Hs.

9. What advice would you give decision-makers on how they should use your model to
support decisions regarding salmon recovery in the Columbia River Basin?

As stated in #1, our models were designed to evaluate the relative merit of 3
proposed management alternatives for FS'BLM lands in the Basin by examining
their (relative) potential effects on the habitat of salmon and other fishes on those
lands. That is, our models were specifically created to help decision-makers select
a management plan for FS/BLM lands. The consequences of those activities on
salmon recovery, athough an important consideration, will depend on many
factors outside of the scope of our models and the decisions made concerning
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management of FS/BLM lands. Our models should be used in concert with other
models and information to weigh the merits of possible decisions affecting
management of other public and private habitat, hydropower and hatchery
operations, and harvest.
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Cumulative Risk Initiative Answers

Submitted by Peter Kareiva and Chris Jordan of CRI
NWFSC, NMFS

PROLOGUE

At the risk of repeating ourselves again, we would like to emphasize that the CRI is not
just amodeling effort. While we realize that all science and all analyses are models, the
CRI is best described as an organized chain of logic and analyses that for some steps
relies on models. One distinguishing feature of the CRI isthat it stops short of using
numbers or calculations to make certain “leaps’; the CRI is unwilling to make
guantitative leaps across data gaps that are too wide and too deep.

In a previous review of the CRI, the ISAB argued for moving towards a formal decision
theoretic approach, and at the time of that review CRI researchers would probably have
agreed with the ISAB. However, the CRI research team would now disagree for five
intertwined reasons:

1. Aswe have become increasingly familiar with the data available for Columbia River
salmon populations, we have concluded that the data are generally so poor that many of
the pertinent management questions simply cannot be dealt with quantitatively (seethe
Executive Summary of McClure et a 2000).4

2. The core of the existing decision theoretic approach regarding Snake River dam
breaching is an upstream/downstream comparison. However, there is clear statistical
evidence that the different ESUs (upriver versus downriver chinook) respond non-
uniformly to the same ocean variables (Levin, submitted), implying differencesin time
series cannot be attributed solely to dams even after a common environmental factor is
accounted for.

3. Upcoming management decisions must concern the entire Columbia River Basin and
itstwelve listed ESUs. Y et a decision framework has only been attempted for the Snake
River chinook salmon. It isimpossible within even a one-year time period to imagine
constructing a decision theoretic approach for the entire Columbia River Basin. Far more
pressing is the need to synthesize and standardize data across ESUs and index stocks, and
develop comparative approaches. Fundamental questions such as how many hatchery
fish are spawning in the wild and what is their reproductive efficacy have far greater
urgency than a decision analysis framework. In fact, without first answering such
guestions a decision analysis framework is likely to be unrewarding.

4 Included in our responses to the ISAB’s Nive Questions are references to particular sections of a recent CRI analysis of
eleven salmonid ESUs in the Columbia River Basin. The document, A Standardized Quantitative Analysis of the Risks
Faced by Salmonids in the Columbia River Basin (referred to as McClure et al. 2000) is too lengthy to be read in its
entirety as part of the ISAB project, but is included as part of our response to illustrate the scale and scope of the CRI
effort. In addition, one can ground-truth our answers provided here by examining the relevant pages of this most recent
CRI product. This document is available from the CRI website.
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4. The emphasis on decision-theoretic approaches diminishes the emphasis on data. This
isnot alogical necessity, but it is appears to be a “tendency”. Because modeling often
givestheillusion of an “answer”, there is reduced pressure to acquire or update data. For
example, until recently run-reconstruction data for Snake River Chinook beyond brood
year 1990 had not been updated, even though the data were available to update through
brood year 1994. Ironically these most basic of al population data were four years
behind the times while the region debated popul ation-modeling strategy. The actual
population numbers from recent years had become less important in the scientific
discussion than modeling predictions about future population behaviors.

5. In its best manifestations, decision theory can provide guidance to policy-makers.
However, policy-makers may not be able to evaluate the “firmness’ or “credibility” of
these answers. The CRI feels that the numbers from decision theory would represent an
illusion of science when there isreally very little science to support particular choices.
Given the data, the CRI concludes that only bold management experiments can give
scientific answers to the key questions. Of course this conclusion itself is the outcome of
adecision process, but it is a matter of priorities and pragmatism as opposed to academic
acumen. Given the many analyses that need to be done, a decision theoretic calculation
to provide a“number” that says “we do not know enough to know what to do, so do bold
management experiments’, seems like a poor investment of scientific effort. Instead, the
CRI will be emphasizing the design of monitoring programs, and exploring ways to
estimate observation error because sampling error has been so neglected in the whole
debate.

In summary, asking for aformal decision theoretic analysis at this stage is like asking a
baby to walk before it can crawl. Such an analysisis a good idea, but there are many
more pressing needs to attend to before any such analysisis attempted. PATH made a
valiant effort at a decision theoretic component, and did a great service in synthesizing
data, and exploring quantitative hypotheses about fish passage. But PATH floundered
when it came to evaluating the merits of dam breaching relative to other management
options. One main reason PATH has faced such a challenging task is that without being
able to attribute upstream/downstream differences to dams, there ssimply may not be
adeguate data