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LOWER SNAKE RIVER JUVENILE SALMON MIGRATION
FEASIBILITY STUDY
RISK AND UNCERTAINTY ASSESSMENT

2141 INTRODUCTION

This gppendix describes the risk and uncertainty assessment of the Lower Snake River Juvenile
Sdmon Migration Feasibility Study. This study may affect decisons about environmenta and
economic values people care about and want to protect. As such, it isimportant to consider the
religbility of itsfindings. That isthe purpose of this risk and uncertainty assessment. Itsoverdl
conclugion, in its mogt succinct form, isthat unresolved socid and economic uncertainties do
cause uncertainty about whether it would be more cost-effective to breach the four Lower
Snake River dams or not. The driving uncertainties at this point are uncertainties about the vaue
of future recreationa and passive use benefitsif the dams are breached, uncertainties about
future anadromous fish stocks and uncertainties about how social and economic costs will be
digtributed. Other economic uncertainties, though significant in an absolute sense, are unlikely to
affect decisons about whether it would be more cost-effective to breach the four Lower Snake
River dams or not.

How best to assess risks and uncertainties in studies of natura resources management optionsis
adifficult question to answer, in that ignoring uncertainties can lead to bad decisions but
consdering them can bog down the decision-making process. Two of the best references on
the topic are Confronting Uncertainty in Risk Management: A Guide for Decision Makers
(Finkel 1990) and Uncertainty: A Guide to Dealing with Uncertainty in Quantitative Risk
and Policy Analysis (Morgan et al. 1990). Both advocate uncertainty andyss, but warn
agang “parayssby andyss” A classc paper on right and wrong ways for dedling with
uncertainty in making risk management decisonsis “Witches, Hoods and Wonder Drugs.
Historical Perspectives on Risk Management” (Clark 1980). A compilation of classic papers
on making risk management decisons under uncertainty can be found in the Resources for the
Future book Readings in Risk (Glickman and Gough 1990). Findly, amore recent and
somewhat more technica treatment of the topic can be found in Uncertainty Analysisin
Ecological Risk Assessment (Warren-Hicks and Moore 1998).

The gpproach for this particular risk and uncertainty assessment draws from the U.S. Army
Corps of Engineers Guidelines for Risk and Uncertainty Analysisin Water Resources
Planning (USACOE 1992) (the Guidelines) and was designed to incorporate their genera
recommendations. The Guiddines define arisk and uncertainty analysis as being composed of
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an assessment and an evaluation. Under the Guiddines definition, this study isarisk and
uncertainty assessment. When describing the end use of the risk and uncertainty assessment in
the planning process, the Guidelines identify two basic issues:

The risk and uncertainty assessment should provide a clear picture of the reliability of
the overall assessment.

The assessment should provide useful taxonomies and identification of important
questions relevant to risk management. It should highlight just where political and
social judgments have to be made.

The remainder of this appendix addresses the methods and results of dealing with these issues
for the Lower Snake River Juvenile Slmon Migration Socio-Economic Feasbility Study.

2142 METHODS

The primary source of information for the risk and uncertainty assessment was the DREW
workgroups. The workgroups provided three genera types of information:

Point and range estimates of NED costs and benefits of adternatives under consideration.

Verba and/or written responses to a questionnaire designed to help ascertain the reliability
of cost and benefit estimates, and identify potentidly important unansered questions risk
managers should be aware of.

Risk and uncertainty discussons for their sections of the Economic Appendix.

2.14.2.1 National Economic Development

The NED risk and uncertainty assessment used a combination of quantitative and quditative
methods described below. NED has the most fully developed risk and uncertainty assessment.
Brief, quditative risk and uncertainty assessments for socid and regiond andysis and triba
circumstances were conducted aswell. The methods for these assessments are discussed
following the NED methods section.

2.14.2.1.1 Quantitative Methods

The quantitative methodology used for the risk and uncertainty assessment is nomind range
sengtivity andyss (NRSA). Other methods devel oped by the DREW risk and uncertainty
workgroup included a spreadshest tool for estimating probability distributions of cost variables
and an expert dicitation protocol for estimating probability distributions. NRSA provided a
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smpler way to identify important uncertainties than these probabilistic methods. That in turn
alowed the workgroups to spend more time refining their models and assumptions, rather than
trying to assign probabilities to variables that, with the advantage of hindsight, might be shown
through NRSA to be unlikely to affect the cost effectiveness ranking of dternatives.

NRSA involves holding dl cost parameters except one a their nomind vaues (i.e., best
edimates), while varying the remaining parameter from its low-end to high-end range estimate.
Thus for an additive modd (e.g., amodd that computes net benefit from component benefits
and cogts) the NRSA gives a set of 2n outputs describing the range of possible modd outputs
(net benefit) given the input (component benefit and cost) uncertainties:

YI low = é. xj,nom + ><i,Iow (I :1’ ! n)
j=1
Jri
(1)
YI high = é Xj,nom + XI high (I :1’ ' n)

Nomina and range estimates were provided by individua workgroups on an average annua
bass. These data, presented in Table 1, were used to compute the nomina net benefit
associated with Alternatives A-2a (maximum fish trangport without mgor system
improvements), A-2¢ (maximum fish trangport with system improvements, low cost) and A-3
(dam breaching) relative to A-1 (existing conditions) at 6.875, 4.75 and 0% discount rates.
This smply involved using the benefit and cost estimates reported in the Nomina Vaue column
of Table 1. For example, the nomina net benefit, at the 6.875% discount rate, for Alternative
A-3rdativeto A-1is computed using the A-3 data from the Nomina Vaue column of the
6.875% discount rate table from Table 1:

= (196,425+1,593 ) — (48,787 + 271,000 — 29,178 + 24,034 + 15,424)
=-$132,049,000
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Table 1 —Point and range estimates for NED costs and benefits relative to Alternative
A-1($1,000s) (pagel of 3)
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Table 1 —Point and range estimates for NED costs and benefits relative to Alternative
A-1($1,000s) (page?2 of 3)
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Table 1 —Point and range estimates for NED costs and benefits relative to Alternative
A-1($1,000s) (page 3of 3)

Risk & Uncertainty Assessment 6 01/31/00



PREDECISONAL DRAFT DOCUMENTATION - provided for your comment only - not
for distribution or release. Copies made only by permission of Walla Walla Didtrict
Feasibility Sudy Manager, Feasibility Program Manager or Office of Counsel.

Similarly, the nomina net benefit at the 0% discount rate for Alternative A-2b relativeto A-1is
computed using the A-2c data from the Nomina Vaue column of the 0% discount rate table
from Table 1.

= (-1,180 -188) — (1,390 —8,000 + 0 + 0 + 0)
= $7,978,000.

The nomind range sengitivity andys's computed net benefits as for nomina net benefits, except
that the low-end or high-end range estimate for one parameter was subgtituted for its nomina
value, as described by equation 1. Thus, the low-end nomind range estimate, varying the
parameter Recreation Benefits at the 6.875% discount rate, for Alternative A-3 relaiveto A-1
is computed using the A-3 data from the Nominal Vaue column of the 6.875% discount rate
table from Table 1, for dl parameters except Recreation Benefits, for which the vadue in the
Low-End Nomind Range Estimate column is substituted:

= (56,000 1,593) — (48,787 + 271,000 — 29,178 + 24,034 + 15,424)
= -$272,474,000.

Asafind example, the high-end nomina range estimate, varying the parameter Power Codts at
the 4.75% discount rate, for dternative A-2arelaive to A-1 is computed using the A-2a data
from the Nomina Vaue column of the 4.75% discount rate table from Table 1, for dl
parameters except Power Cogts, for which the vaue in the High-End Nominal Range Estimate
column is subdtituted:

= (1,940 176) — (— 2,556 — 7,000 + 0 + 0 + 0)
= -$11,672,000.

The nomina range sengtivity, computed as the absol ute difference between the high- and low-
end nomind range estimates, provides an estimate of the overd| sengtivity of the nomina net
benefit to the uncertainty in a particular parameter. For example, at the 4.75% discount rate,
the nomina net benefit for Alternative A-3 rlaiveto A-1 is— $96,321,000. Thelow- and
high-end nomina range estimates for Implementation Costs are — $94,546,000 and —
$98,096,000 so the nomina range sengitivity for Implementation Cogts at the 4.75% discount
rate is the absolute value of the difference:

= | (— $98,096,000) — (— $94,546,000) |
= $3,550,000.

Pargphrasing, the estimate of the annua average net benefit of Alternative A-3 rlaiveto A-1,
at the 4.75% discount rate has a senditivity range of over $3 million due to uncertainty about
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implementation costs. While thislevel of uncertainty may seem high, uncertainty about
implementation codts creates no uncertainty about the preferred dternative if one acceptsthe
4.75% discount rate, the nominal cost and benefit estimates, and the Implementation Costs
range estimates for A-3 relative to A-1 provided in Table 1. At both the high and low ends of
the sengitivity range, the annua net benefit of A-1 exceeds the annua net benefit of A-3 by over
$90 million. In other words, uncertainty about Implementation Costs would not change a
decision between A-1 and A-3 based on a net benefit criterion; A-1 would be the preferred
dternative regardless of the Implementation Costs value used.

The average of the high- and low-end nomind range estimates is a useful summary satistic for
evauating whether, given the parameter uncertainties, the point estimate of net benefits (the
nomind vaue) ismore likely to overestimate or underestimate the true value. So, looking again
at the previous example, the average change for Implementation Costs at the 4.75% discount
rateis

= 0.5* (— $98,096,000 — (~ $96,321,000)) + (— $94,546,000 — (— $96,321,000))
= 0.5*(— $1,775,000 + $1,775,000)
=—9%0.

The vaue of zero for the average change of implementation cogtsis an indication that the
nomind vauefor A-3 reativeto A-1 at the 4.75% discount rate is equaly likely to over- or
underestimate the relative net benefit of A-1.

A find datigtic computed as part of the nomind range senstivity andyssisthe normdized
nomind range sengtivity:
normaized nomind range sengtivit y for parameter i =
)

nomina range sengtivit y for parameter i

g . o .
a nomind range sengtivit y for parameter |

j=1
The normdized nomind range sengtivity provides an esimate of the rdlative sengtivity of reldive
net benefit to eech parameter uncertainty. The normaized nomind range sengtivity fdls
between 0 and 1. Parameters with higher normalized nomind range senstivities cregte grester
uncertainty about relative net benefit than parameters with lower normdized nomina range

sengtivities. Because they are rdative vaues, normalized nomina range sengtivities are only
comparable across parameters, not across aternatives or discount rates.
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2.14.2.1.2 Quadlitative M ethods

The DREW workgroups were asked to write risk and uncertainty discussons for their sections
of the Economic Appendix. These sections tended to focus on describing data, methods and
results. Therefore, after reviewing the workgroups' risk and uncertainty discussions, follow-up
guestioning was conducted to better understand the choices and assumptions used in their
anayses, how these affected results, and how they compared across workgroups. The follow-
up questioning was necessary to understand the reliability of the overdl assessment and
important risk management questions, which, again, are the two basic risk and uncertainty
assessment issues identified in the Guidelines (USACOE 1992). Workgroup leaders were
asked to review an uncertainty worksheet and questionnaire, after which the risk and uncertainty
workgroup leader interviewed them. The worksheet and questionnaire used by the workgroup
leaders to prepare for their interviews with the risk and uncertainty team leader are provided in
Tables2 and 3.

Information gathered through interviews and other follow-up discussions with workgroup
leaders was used to help interpret the results of the NRSA. The results presented below are
based on the quditative and quantitative data obtained by these methods.

2.14.2.2 Social and Regional Analysis

The workgroups that provided input to the socid and regiona anayses reported that uncertainty
about future cost dlocation decisons impaired their ability to derive useful datafor assessng the
socid and regiond impacts of the dternatives. The regiona economic impact analysis suffered
from sgnificant errors and omissons that prevented the workgroup from engaging in a
meaningful risk and uncertainty assessment, beyond smply documenting the mgor errors and
omissonsthat exist. Smilarly, the methodology for assessng socid risks and uncertainties was
limited to documenting mgor sources of uncertainty.
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Table 2. Risk and Uncertainty Worksheet

This worksheet breaks out seven specific types of uncertainty. Please identify three to five
uncertainties of each type that have the biggest potentid impact on your workgroup’s results
and conclusions. The worksheet isintended to make it easier to respond to the questionnaire,
S0 please complete the worksheet before starting the questionnaire. Thank you.

1. Incomplete information — missing data; dso could include concerns about the
representativeness of the available data

2. Natural variability — conditions that change over time, vary among individuds, or change
with location.

3. Model structural uncertainty — uncertainties about the correct way to describe something
inamodéd, or approximation errors, due to the fact that modes are just models, not perfect
representations of the read world.

4. Missing variables—things not considered smply because we do not know about them, or
enough about them, to include them in the andysis.

5. Lack of understanding —inability to fully understand available data and modds.

6. Disagreement — legitimate differences of opinion about priorities or values that in turn affect
the system being assessed or the questions we are trying to answer abot it.

7. Ambiguity — doppiness or imprecison in defining objectives, variables, assumptions, or
decison criteria
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Table 3. Risk and Uncertainty Questionnaire

How reliable, representative and complete were your data?

What nagging concerns do you have about your data?

How did you decide on the methods you adopted?

What dternative methods might you have used?

What nagging concerns do you have about your methods?

How did you choose the modds you used?

What other models might you have used instead?

What nagging concerns do you have about your models?

What key assumptions did you make in your andyss?

Why did you make these assumptions?

What information would have been most useful to help you refine your assumptions?
If you could change any of your assumptions, what would they be and why?
If you generated scenarios, how extreme are your high and low scenarios?

What is the most redligtic scenario you can think of that would give results outside the range
of scenarios you used? How likely isit?

What isthe most redlistic scenario you can think of that would change your ranking of
dternatives? How likely isit?

In your opinion, what are the most important unanswered questions about your work
group’ s piece of the project?

If you had it to do over again, what would you do differently and why?
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2.14.2.3 Tribal Circumstances

The methods used by the tribal circumstances workgroup differed from those described above.
Thetribd circumstances workgroup examined tribd levels of culturd and materid wellbeing and
distress usng measures of saf-perception, death rates, headth, poverty, unemployment and per
capitaincome. The workgroup aso evaluated risk and uncertainty separately, whereas the
other workgroups combined the two related concepts.

Thetriba circumstances uncertainty assessment focused on the rdliability of workgroup's
ordind ranking of the dternatives for the four Lower Snake River dams. They ranked the
dternatives based on the estimated relative magnitude of salmon recovered for the tribes, as
well asthe direction and generd effect of the estimated relative magnitude of salmon recovery
on triba culture, rates of desth and health, poverty, employment/unemployment and income.
They dso evauated the rdiagbility of their ordina ranking of aternatives based on duration of
near-current levels of tribal pain and suffering.

Thetribal circumstances risk assessment focused on the consegquences of possible errorsin
PATH egtimates on tribd levels of cultural and materid wellbeing and distress. They evduated
the consequences of over-estimation and under-estimation errors to determine whether tribal
levels of culturd and materid wellbeing and distress would increase or decrease, and whether
they might undergo qudlitative changes instead of just changesin degree (pecifically, a change
from pain and suffering to extinction). The triba circumstances workgroup aso provided
narretive assessments of triba risks (1) from delays in implementing measures affecting sdmon
recovery, and (2) if triba interests are ignored or marginalized in the process of implementing
measures affecting salmon recovery.

2143 RESULTS AND CONCLUSIONS
2.14.3.1 National Economic Development

Table 4 presents NRSA results. In generd, both A-2a (maximum fish trangport without major
system improvements) and A-2c¢ (maximum fish trangport with system improvements, low cost)
provide postive net benefit rdative to A-1 (existing conditions). None of the uncertainties
reported by the workgroups changed this finding.

Comparing the two fish trangport aternatives, A-2a aways provides pogtive net benefit relative
to A-2c, athough the magnitude of the difference between these two dternatives diminishes as
the discount rate is decreased.

Looking at the normalized nomina range sengtivity at the 6.875% discount rate, it can be seen
that the greatest contributor to uncertainty about A-2ais power cost uncertainty (90%)
followed by implementation cost uncertainty (10%). The grestest contributor to uncertainty
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about A-2c is power cost uncertainty (83%), followed by implementation cost uncertainty
(17%).
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Table 4 —Nominal range sensitivity analysis of net benefit difference from Alter native
A-1($1,000s) (pagel of 3)
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Table 4 —Nominal range sensitivity analysis of net benefit difference from Alter native
A-1($1,000s) (page?2 of 3)
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Table 4 —Nominal range sensitivity analysis of net benefit difference from Alter native
A-1($1,000s) (page 3of 3)
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Looking at the 6.875% discount rate in Table 4, it can be seen that recreationd use benefits
account for 82% of the normaized nomind range sengtivity for A-3 versus A-1, followed by
power cost uncertainty (12%). Power costs do not affect the ranking of dternatives unlessthe
low end nomind range estimate is used with a 0% discount rate. The power cogtsrisk and
uncertainty isimportant because () it islarge rdative to the other cost uncertainties, and (b) as
the following paragraph discusses, it is considered by the hydropower workgroup to be a
reliable risk and uncertainty estimate. Because the power risk and uncertainty is large relative to
other cost uncertainties and rediable (i.e., the risk and uncertainty estimate is unlikely to change),
it serves to dampen any effects of possible changesin other cost range estimates. In other
words, other cost uncertainties are less important because they are amall relative to the reliable
power cost uncertainty estimates. Moreover, the power cost uncertainty does not affect the
ranking of aternatives, so the other cost uncertainties are even lesslikely to do so. Therefore,
the red driver in thisanalyssisthe uncertainty about benefits. Following the discussion of the
hydropower workgroup’s NED anaysis, the remainder of this section focuses on benefits
uncertainty.

The hydropower workgroup reports that the datathey used had afairly high degree of
reliability. Because they were forecasting future conditions, the most up-to-date data may have
confirmed or dightly changed the forecasted values. However, members of the workgroup had
knowledge of recent dataand did not suggest any revisonsin forecasts. The workgroup used a
high-medium-low forecast for each key variable, and is confident thet this covered likely future
conditions. Of most importance in the workgroup' s forecasts was the water supply available
for power generation. They used two different hydro-regulation models to define this

parameter, with actua historic water conditions over 60 years providing the modd input data.
The workgroup was not confident that their ancillary benefits estimates were based on the best
data, but this dement only made up 3% of the economic effects for dam removd. The
hydropower workgroup used the 3 available power system models, from the Corps, BPA, and
the NPPC. After examining many possible gpproaches they agreed that a comparison of results
from these three models would capture dl the team’ s concerns about risk and uncertainty in the
power systems component of their andysis. Any concerns the workgroup had were somewhat
overcome once they compared the results of the power syssem models. The workgroup found
the results to be surprisingly close, so any one modd’ s result was confirmed by the others.

The hydropower workgroup identified 3 mgjor assumptionsin their anadlysis. zero price dadticity
of dectricity demand, the projected naturd gas prices on the West Coast, and the projected
demand for power (load forecasts). The zero price elagticity assumption does not account for
the probable reduction in demand for dectricity that will occur if eectricity pricesincrease with
the implementation of the Snake River breaching dternative. There is significant evidence that
thereis price dadticity for eectricity at both the wholesdle and retail leve, but it was consdered
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beyond the scope of the hydropower workgroup to estimate easticity for each consumer type.
The possble sgnificance of this Smplifying assumption can be qudified by looking & the
examination of demand eadticity for dectricity that was donein the Columbia River System
Operation Review (SOR) on acursory basis. The SOR evduated economic effects of changes
in hydropower generation in the Columbia River basin using approaches smilar to what was
used in thisstudy. The SOR aso looked at the economic effects using a price dadticity
gpproach for the different consumer types. The SOR found that once price eladticity was
accounted for, the economic effects for losses in hydropower were about eleven percent lower
than with the andlyss that ignored price dadticity. Though thisfinding is not directly gpplicable
to the Snake River breaching andysis, it can be used to give a generd fedling for the impact of
not including price dadticity.

The price and demand assumptions used are well documented in the hydropower workgroup's
report. They choseto utilize the forecasts of gas prices and loads devel oped by the NPPC in
recent sudies. The NPPC studies were done in avery open public forum and many experts
had a chance to review, comment, and revise these forecasts. The workgroup felt that a major
change in the natura gas supply would have a sgnificant impact on costs, but while an
interruption in naturd gas supplies could happen, they believe but impacts would likely be short-
lived. Repairsor market shifts would occur to return the gas supply, and prices, within the
workgroup’ s forecasted range in the long run. They reported that a mgjor economic depression
would push load forecasts outside their forecasted ranges.

The most important results of the risk and uncertainty assessment are for comparisons of A-3
(dam breaching) to any of the non-breach dternatives. Specificdly, the anayss shows that the
ranking of A-3ishighly sengtive to uncertainty about power and recreation. For the A-3to A-
1 comparison, the nomind range sengitivity to uncertainty about recreationd benefits ranges
from $280,850,000 at a 6.875% discount rate to $352,670,000 at a 0% discount rate
(difference between the average annud net benefit of A-3 and A-1).

Table 5 shows how passve use benefits affect would the net benefit of A-3 if they were
included in the NED andyss. Passve use benefits for sdmon were estimated using four
different methods, achieving four different estimates. Each of these four sdmon passive use
benefits estimates was added to the single free flowing river passve use benefits estimate to
obtain four different total passive use benefits estimates. Table 5 shows how these four
estimates would affect the net benefit of A-3 rdative to A-1 a the nomind case, and when
power and recregtion estimates are at the low or high end of their range estimates for the
various discount rates. Adding in any of the four passive use benefits estimates would cause A-
3 to become the most highly ranked dternative at dl discount retes, regardless of whether
power or recregtion are a the high or low end of their range estimates.
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Figures 1 — 3 show the relaive sengitivity of the difference between the average annua net
benefit of A-3 and A-1 to each input at the three discount rates used in the economic analyses.
It can be seen from these figures that recreation benefits uncertainties are of predominant
importance regardless of which of the three discount ratesis used.

Not only are the nomind range sengtivities for recreetion and passive use benefits high, but the
ranking of aternatives changes. Looking again a Table 4, it can be seen that using the low-end
nomind range estimate the ranking is A-2a, A-2c, A-1, A-3, but using the high-end nomind
range estimate the ranking switchesto A-2a, A-3, A-2c, A-1. In other words, whether
breaching the four Lower Snake River damswill give a postive
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Figure 1. Nominal range sensitivity expressed as percent changein the difference
between average annual net benefit of A-3 and A-1 @ 6.875% discount rate.
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Figure 2. Nominal range sensitivity expressed as per cent changein the difference
between average annual net benefit of A-3and A-1 @ 4.75% discount rate.
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Figure 3. Nominal range sensitivity expressed as percent changein the difference
between average annual net benefit of A-3and A-1 @ 0% discount rate.
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or negative net NED benefit is unknown because of the current level of uncertainty about the
vaue of recreationd and passve use benefits.

Even though the question of whether to breach the four Lower Snake River damsis dready
highly sensitive to uncertainty about recregtiond and passive use benefits, the NRSA probably
underestimates the recreationa benefits uncertainty because it does not account for uncertainty
in PATH estimates. Uncertaintiesin the PATH analysis are discussed in Section 2.14.34. The
recregtiond benefits estimate is based on apoint estimate of the Sze of the recreationd fishery
that would be available if the four Lower Snake River dams were breached. Current PATH
results predict ahigh leve of unfulfilled recreationd fishing demand (on the order of 95% of
demand unfulfilled) indicating thet the recreationd fishing bendfit is likely senstive to the PATH
esimate.

The interview with the recreetion use benefits workgroup reveded two others factors that will
tend to increase the average annual net benefits of A-3 relative to A-1. Firt, the recrestion
benefits report characterizes the estimates of Cdlifornia vidtation as consarvative (low).
Although the degree of conservatism has not been quantified, any increase would increase the
average annud net benefits of A-3 rdativeto A-1. California households make up about 70%
of the study region’s population. Second, the analysi's has not attempted to account for the
vaue of observing natura recovery of the Lower Snake River if the dams are breached.

Range estimates were not available for the anadromous fish benefits. Non-linearity in the
models used did not adlow for ranges to be determined. Therefore, it isimpossible to evauate
how range estimates for anadromous fish benefits may affect the ranking of dternatives.

Thereisagreat deal of uncertainty in the recreationa benefits of dternatives A-1, A-2a, A-2c,
and A-3 that is not reflected in the NED andlyss. Uncertainties about the best methods for
estimating these values are represented, but uncertainties within the methods themselves are not.
Resarvoir recreation benefits represent three-fourths of the recreationd benefits of non-
drawdown aternatives (A-1, A-2a, and A-2c) and the confidence intervas are large ($47-148
atrip), indicating agreat ded of uncertainty in the values. This uncertainty is not reflected in the
NED andysis because only apoint estimate was used (mean vaue of 71.31 per trip). The
range of recregtiona benefits for A3 reflects different trestment of the data based on
assumptions about non-respondent behavior. However, the range of recreationa benefits used
in the NED andysis were based one only one assumption about non-respondent data (middle
use esimates, or assuming non respondents use is the same as respondent use, but only utilizing
the rates for definite rather than probable vistors). River recregtion benefits represent alarge
portion of the recreation benefits of dternative A-3. The low-end range estimate was based on
scaing the river recreation and fishing demand curve using the cost per mile of reservoir vistors
(travel cost method). A mean vaue of $71.36 per trip was used for the low end, but does not
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reflect the large confidence intervas for this method (95% confidence interval of $39 to $446
per trip). The high end range estimate was based on scaling the demand curve using costs of
vigitors to free-flowing section as reported in a contingent behavior survey. A mean vaue of
$297 per trip was used for the high end, which does not reflect the large confidence intervas for
this method (95% confidence interva of $181 to $831 per trip). The nomina recreationd
benefits reflects the average of the mean of these two methods. Therefore, the A-3 benefits
reflect uncertainty about which method is the best estimator, but does not reflect uncertainty in
the methods themsalves. Also, recreationd suitability recovery for various activities under A-3
was based on point estimates, rather than range estimates, and no confidence limits were
determined. If the confidence limits were included in the NED andlysis, alarger range of
possible vaues for recreationa benefits would have occurred.

Because passve use benefits are not normaly included in NED andlysis, a number of
conservative assumptions were used to err on the Sde of underestimating passive use benefits:

Survey respondents were not told that they were evauating threatened and endangered
gocks. Providing respondents with this information would likely result in higher estimates of
passive sue benefits.

Mog exising studies evauated alarger fish increase than is being evauated in the Lower
Snake River. Because studies find that larger increases have diminishing returns on
willingness to pay, applying these numbers to the Lower Snake River likdy underestimates
its passve use benefits.

The estimate of passve use benefits assumed zero benefit for angler households in the study
area and zero benefit for al households outside of the study area.

Passve use benefits congst of sdmon vaues and free-flowing river values. The range of vaues
presented for passive use benefits of sdmon reflect different approaches for estimating values,
rather than uncertainties in the methods themsdves. A single point estimate was available for the
free flowing river passive use benefits, and no confidence intervas were determined. Given that
anumber of conservative assumptions were used, passive use benefits are likely

underestimated, but it is difficult to say by how much.

2.14.3.2 Social and Regional Analysis

The driving uncertainties in the regiona analyss are identified errors and omissions, which have
been documented in the executive summary to the regiona economic impact modeling report.
The regiond andlysis workgroup reports that uncertainty is present in the regional economic
impact andysis because of uncertaintiesin inputs received from other workgroups. The regiond
economic impacts workgroup did not have the resources to consider the accuracy of the fina

Risk & Uncertainty Assessment 24 01/31/00



PREDECISONAL DRAFT DOCUMENTATION - provided for your comment only - not
for distribution or release. Copies made only by permission of Walla Walla Didtrict
Feasibility Sudy Manager, Feasibility Program Manager or Office of Counsel.

inputs they received from other workgroups and to used to drive their models. They note that
erorsin the input data received from the other workgroups will be multiplied when they are
used in the regiona economic impact model. The socid and regiona economic impact
workgroups identifies specific examples of errors, omissons and uncertainty in the input data
they used in their anadlyss

The data for the 100-year fishing and outdoor recregtion projections were based on now
obsolete PATH andyss and since improved salmon life-cycle andyss. The consequenceis
that the comparisons of outcomes in the recreation section of the regiona economics impact
analyss are obsolete.

The effect of increased shipping costs under dternative A-3 on industry output and
employment for firms that use barges shipping was not studied, so changes in outputs and
employment in the wood products, grain producer and other sectors are unknown.

Effects of reduction in irrigated agriculture under A-3 on the food processing sector are
unknown.

Economic impacts on tribes under A-3 are unknown.
Future locations of power generation and transmisson facilities are unknown.

The required road investment outside Washington under A-3 is unknown, as are future
increases in spending for road maintenance.

The future distribution of eectricity rate increases under A-3 across regions, industries or
consumers is unknown.

The hydropower workgroup e aborated on thislast point initsinterview with the risk and
uncertainty workgroup. They identified the possible rate impactsto regiona power ratepayers
asther only mgor risk and uncertainty concern. The workgroup expressed confidencein the
reliability of their NED cost range estimate, but not in their ability to define who will pay these
cods. Thisimpactsthe regiona andyss, and may be of Sgnificant socid importance. The
hydropower workgroup cannot improve the rate andysis until Congress how dam remova
would be paid for, which would be done in the authorizing legidation.

The executive summary of Regional Economic Impact Modds for the Lower Snake River
Juvenile SAmon Migration Feashility Study aso discusses the risk and uncertainty of the input-
output economic andysistechnique. Firs, industry spending calibrations are based on nationa
averages which may not gpply to the specific region under sudy. However, estimates using the
nationd averages are likely to be within plus or minus ten percent of multipliers that would be
found using survey data. Second, input-output provides a“snapshot” of the economy at a point

Risk & Uncertainty Assessment 25 01/31/00



PREDECISONAL DRAFT DOCUMENTATION - provided for your comment only - not
for distribution or release. Copies made only by permission of Walla Walla Didtrict
Feasibility Sudy Manager, Feasibility Program Manager or Office of Counsel.

in time rather than adynamic structure of changing relationships. However, no mode can make
accurate predictions of future changesin technology, prices, trade patterns, or consumer tastes
and preferences. Therefore, al models would suffer this same uncertainty. Third, the input-
output modd is driven by exogenous estimates of changesin sdeto fina demand (exports,
investment, and certain components of government spending).

Finally, the socid workgroup identified four sources of uncertainty about the gppropriateness of
the models used in the socid andysis.

Allocation of sub-regiona employment impacts to local communities based on a proportion
of loca employment to regiona employment changes may underdate or overstate the
magnitude of impacts.

Use of socid indicators like sted head fishing licenses as a representation of the contribution
of anadromous fish to local qudity of life., poverty rates to identify senstive populaionsto
economic changes, developed recreation Stes as indicators of qudity of life.

Use of county level farm data to make generdizations about the expected changes to
farming communities within the county.

Assuming that pogtive gainsin economic employment are in fact podtive and negative
losses in employment are negative for a given community.

The socid andysis report additionaly identified sgnificant uncertainty in the economic effects of
A3 on upriver communities because it is unknown how significantly the loss of river navigetion
will affect the forest paper indudiry. Also, the effects of dectrical rate increases on the duminum
indugtry are unknown, but could have significant regiona impacts. The report aso identified five
key uncertainties that make the prediction of impact on individuad farms, farm regions, counties,
and rurd farm communities difficult to determine:

1) The future of farm deficiency payments may be extended.

2) International market conditions and future prices received for export agricultura
products vary greetly from year to year.

3) The fixed and variable costs of farming and may continue to do so while a the same
time new crops and rotations are being introduced to the region.

4) Technologica advancesin crop production and seasond variationsin rainfal make
forecadting average yidds difficult for more than one year in advance.
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5) The actud magnitude of tota trangportation cost increases, including pricing adjustments
by aternative modes of trangportation in the absence of barges, are unknown at this
time.

2.14.3.3 Tribal Circumstances

Thetriba circumstances risk and uncertainty assessment was performed by the triba
circumstances workgroup and is exerpted here from their report.

2.14.3.3.1 Uncertainty

Meyer (1999) identifies positive associations between abundance of triba harvest of salmon,
and tribd levels of culturd and materid wellbeing, or dternatively, of distress— indexed by
perception of sdif, rates of degth, hedlth, poverty, unemployment and per capitaincome.

Given information presently available, it is not possible to establish certain cardind messurement
linkages between such “ cause and effect” parameters — elther in the immediate term, or
cumulaively.

However, based on the evidence presented in Meyer (1999) and the range of differencein
samon recovery between Project Alternatives developed in PATH, as evaluated by
Independent Experts, it is possible to develop clear and certain ordina ranking of the Project
Alternatives. These ordind relationships are clear both respecting the relative magnitude of
sdmon recovered for the tribes under each Project Alternative, and respecting the direction and
generd effect of such respective magnitudes of salmon recovery on triba culture, rates of desth
and hedth, poverty, employment/unemployment and income.

Similarly, on an ordina bass, the andyss provides a clear separation with respect to the length
of time over which tribal pain and suffering would continue at close to present levels, under each
Project Alternative.

Undoubtedly, manipulation of underlying biologica assumptions regarding recovery would result
in some changes of cardind estimates of salmon recovery. However, it is clear that such
manipulation is not likely to subgtantialy change the certainty associated with the ranking of
tribal impacts from dternative project choices.

2.14.3.3.2 Tribal Risk

There are four mgor eements of risk the tribes face, within the context of the lower Snake
River Feashility Study process.
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Firg, Meyer (1999) has identified the close dependence of the study tribes on salmon, the
massve declines in sdmon available to the tribes from Treaty times to the present, and the
consequent endangerment of not only the sdmon, but the cultural and materid wellbeing of the
tribes as wdll.

If PATH estimates are too optimistic, and given present diminished stock levels, thereisarisk
the subject sdlmon species will become extinct — with attendant risks for continued surviva of
tribal peoples.

Second, if PATH recovery estimates are too pessmidtic, differencesin the magnitude and timing
of sdmon recovery between dternatives would be understated — reducing comparative net
benefits posed for the dternative most likely to restore sdmon.

Third, if the selected aternative forecasts sdmon recovery that will need atime period far into
the future before significant harvests are returned to the tribes, Meyer (1999) identifies that tribal
peoples will continue to risk unacceptable levels of pain, suffering and premature deeth, while
bureaucrats “test and study.”

Finaly, Meyer (1999) identifies that in dmost dl prior processes concerning Columbia/Snake
River system dams, tribal concerns, and the impact on tribes, have been ignored or
margindized. If such margindization occurs during the present process, the cumulative transfer
of the river system’ s wedlth from triba to non-triba residents of the region will continue — triba
peoples will continue to suffer and be disempowered, regardless of existing Treaty protections —
and environmenta injustice, as defined by EPA, will be exacerbated.

214.34 PATH Andyss

Data from the PATH analyss are used for anumber of parts of the Lower Snake River Juvenile
Sdmon Migration Socio-Economic Feashility Study. Changesin the PATH results will directly
affect estimates under different dternatives for commercid and recrestiona fishing, regiond and
socid andysis, triba circumstances, and passive and recreation use benefits. Uncertaintiesin
esch of these areas are multiplied by uncertaintiesin the PATH analys's, therefore changesin the
PATH andysis can potentidly change the ranking of dternatives (A1, A2 and A3). PATH has
recently (November 1999) revised its estimates, but the economic appendices were created
using its previous estimates. Thisis aggnificant source of uncertainty in the NED anadysis and
may affect the ranking of aternatives.

The conclusions and recommendations from the PATH weight of evidence workshop quantified
the relative degree of belief in the seven key uncertainties that have the greatest effect on the
outcomes of management actions. The seven key uncertainties are:
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1). Passage and trangportation assumptions (uncertainty in direct surviva of in-river fish, the
partitioning of in-river surviva between dam and reservoir survivd, and surviva of transported
versus non-transported fish after they have exited the migration corridor).

2). Extramortality outside of the juvenile migration corridor which is not accounted for by
productivity parameters in spawner/recruit relationships, by estimates of direct mortdity in the
migration corridor, or common year effects affecting both Snake River and Lower Columbia
River Stocks (ddtamodd only).

3). Uncertainty in the extent to which Snake River and Lower Columbia share common
mortality effects.

4). Length of the trangition period between remova of dams and establishment of equilibriumin
the drawndown section of the River (reflecting uncertainty in physica and biologica responses
to drawdown).

5) Uncertaintiesin higtorica estimates of bypass and turbine mortdity.

6) Uncertainty in the effect of the predator remova program (i.e., squawfish bounties) on future
surviva of sdlmon smoaltsin reservoirs.

7) Uncertainty of juvenile surviva rate once equilibrium conditions have been reached.

Alternative hypotheses for each of these seven uncertainties were identified, and expert
elicitation was used to determine an expert’s belief in the hypothesis used versus the dternatives.
Weighted averages were derived by four different experts for each hypothesis under each of the
seven uncertainties. These weights were used to determine weighted averages for 24-year
surviva, 100-year surviva, and 48-year recovery standards. The weighted averages show
what the mogt likely outcomes of the actionswill be, given uncertainties that affect future
projections. Table 6 shows how mesting the standards is affected by using the sets of
judgements from the different experts. The following conclusions were reached based on this
andyss

The analysis determined that outcomes for A3 are better than those of A1 or A2 for dl
jeopardy standards, regardless of the expert used. The magnitude of the differences
depends on the jeopardy standard used and assumptions about when drawdown will be
implemented.

The ability of actions to meet the 24-year surviva sandard varies with different experts. A1
meets the sandard with 1 out of 4 experts. A2 fallsthe standard regardiess of the expert.
Drawdown with athree year delay meets the standard with 3 of the four sets of experts,
while drawdown with an eight year delay meets the standard with 2 of the 4 experts.
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A1l and A3 (both 3-year and eight-year) meet the 100-year surviva standard regardless of
the expert. A2 meets the 100-year survival standard with 3 of 4 experts

Al and A2 meet the 48-year recovery standard with 1 of 4 experts. A3 meetsthe 48-year
recovery standard with al experts regardless of whether athree-year or eight-year delay is
assumed.

PATH probahilities for achieving 24, 48, and 100 year escapement levels for surviva and
recovery were generally used as fixed point vauesin the NED andyss. The PATH numbers
were generated using Monte Carlo smulations that established distribution ranges for the
returning salmon stocks. The NED andysis did not use these distribution ranges but insteed
used fixed point estimates from the ranges. This represents a Significant uncertainty that was not
accounted for in the NED andlyss. Using a point estimate could significantly over- or
underestimate the salmon population.

The SRP aso considered whether there were any new hypotheses that should be included in the
PATH modds. One hypothesisthat the SRP thought was worth evaluating is the hypothesis
that hatchery fish can affect the surviva of wild fish. This hypothesis was beieved to have
ggnificant results on surviva The implementation of this hypothesis was not consdered feesible
because:

Hatchery effects are confounded with development of the hydrosystem.

The digtinction between the hatchery hypothesis and other mortality hypotheses was not
Clear.

The responses of different actions under this hypothesisis not clear.

The SRP aso noted that in some cases the evidence for evauating aternative hypotheses was
poor or lacking. Because of this, the SRP recommended taking actions that 1) result in the best
chance at surviva and recovery of stocks, and 2) generate information to reduce uncertainties
and improve future decison-making.  Significant increases in mortdity has the potentia to
change the rankings of the dternatives (A1, A2, and A3).

The scientific review pand (SRP) reviewed the PATH preliminary decison anadyss report on
Snake River spring/summer chinook. They concluded that uncertainties are extensvely
consdered within the congtraints imposed by bounding the system as that between the nursery
habitat and that above Bonneville. However, the SRP found that thereis not a consensus on the
assumptions or andyses that precede the quantitative evauation of uncertainty, and are
therefore uncertain about what the PATH modestell us. The SRP suggested designing and
conducting a management experiment to resolve uncertainty. The SRP dso bdievesthat the
role of uncertainty in the identification of modes for spring and summer chinook sdmon, and in
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the gpplication of these modelsto prediction of management dternatives may be
underestimated. The SRP identified four problem areas for these models:

1) uncertainty about the modd structure;
2) uncertainty in the estimated model parameters,;
3) the propagation of modd prediction errors, and

4) thedesign of experimentsin order to reduce the critical uncertainties associated with the
models.

The SRP fdt that progress had been made on each of these problems, but more was needed,
especidly for 1) and 2). The SRP dso fdt that the three dternative hydrosystem actions (A1,
A2, and A3) may have been too narrowly defined and other dternatives or modeling
gpproaches should have been evauated at the beginning, rather than just focussing on
uncertainty in the current models and dternatives. The SRP aso suggested that an adaptive
management approach could be used to resolve some of the remaining uncertainties. An
adaptive management gpproach would involve sysematicaly varying management options while
carefully monitoring biological, economic, and socia consequences of actions, in an atempt to
reduce uncertainty and gpply new information to the quantitative models.

The SRP aso provided comments on the PATH fina report for fisca year 1998, some of which
were rdevant to uncertaintiesin the modding. The SRP suggested that some of the
uncertainties in the modds could be evauated more thoroughly using sensitivity anadysis
especidly for 1) predator modeling (particularly the importance of temperature fluctuations), 2)
evauation of hatchery supplementation assumptions (including the hypothesis that hatcheries
diminish returns), and 3) turbine mortdity. The SRP suggested that PATH could caculate the
expected vaue of perfect information for key uncertainties. These cdculations would suggest
how much it is worth to resolve key uncertainties. The SRP aso suggested that PATH could
extend the prospective models to stimulate the collection of new data and thereby the rate of
learning about uncertain hypotheses. Alternative methods were suggested for incorporating
uncertainty into the modds, such asinterva andyss and fuzzy arithmetic.

PATH made different assumptions about the current sdlmon population than the anadromous
fish benefits group. PATH assumed that the current salmon populations have reached a steedy
gtate and based future predictions on this. In contrast, the anadromous fish benefits group
assumed the current salmon populations are in adeclining state, and based their predictions for
the no action dternative accordingly.
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2.14.3.5 Summary of Conclusons

In conclusion, the purpose of the risk and uncertainty assessment was to help (1) assessthe
overd| reliaility of the socio-economic feasihility study, and (2) identify important unanswered
questions for risk managers. There remain significant unresolved uncertainties about the
economic costs and benefits of the dternatives consdered by the Drawdown Regiona
Economic Workgroup for the four lower Snake River dams. The most important uncertainties
from a netiona economic development perspective are:

uncertainties about the vaue of future recreationa and passive use bendfits if the dams are
breached and

uncertainties about the Sze of future anadromous fish stocks and the fisheries they will
support.

Further work by PATH, the anadromous fish workgroup and the recreational and passive use
workgroup could sgnificantly improve the rdiahility of the socio-economic feasbility sudy. The
new PATH estimates determined in November 1999 need to be evauated in the economic
agppendices. In most cases A-2 isthe preferred dternative in the NED analysis. However,
inclusion of passive use benefits would make A-3 the preferred dternative. Other NED
uncertainties, though sgnificant in an absolute sense, are unlikely to affect decisions about
whether it would be more cost-effective to breach the four Lower Snake River dams or not.

The driving uncertainties for the regiond analysis are of two types. uncertainties due to errors
and omissonsin the currently available data, and uncertainties about how costs will be
digtributed. The latter cannot be resolved until decisions are made about how the future power
supply system would be configured if the four Lower Snake River dams were breached. At
least some of what has been characterized as errors and omissons in the currently available data
also cannot be resolved until specific information is devel oped about how the future power
supply system would be configured.

In conclusion, uncertainties about dam breaching remain that prevent us from concluding
whether it would be more cogt-effective to breach the four Lower Snake River damsor not. In
order to determine the economic feasihility of retaining or breaching the dams, further effort is
needed to (1) more precisdly quantify the recretiond and passive use benefits of the Lower
Snake River if the dams are breached, (2) more thoroughly assess the effect of dam remova on
future anadromous fish stocks, and (3) further specify the configuration of the future power
supply system if the dams are breached.
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