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CC:

Previous runs of the Evaluation of Dam Removal Redtoration of Anadromy (EDRRA) model
for the Dam Removal Alternative (DRA) included #féects of the Klamath Basin Restoration
Agreement (KBRA). Through the development of thR/EIS document, it has become
important to obtain results from the EDRRA modelddRA scenario without the KBRA
actions on Chinook productivity in place. The teical memorandum that follows includes
results from running the EDRRA model without KBRAprovements in productivity in the
DRA and to provide results that can be used IrEHIRFEIS process specific to address analyses
needed for completion of the Biological Opinionreguired under the federal Endangered
Species Act. To achieve these objectives, the E®RIRdel was run with KBRA effects on
population productivity removed, but with the etfeof KBRA hydrology remaining and the
effects of KBRA active reintroduction to the uppdamath basin remaining (as described in
Hendrix 2010). These results were compared tanitiel run of the model, in which KBRA

was affecting productivity in the lower basin, uppasin stream type Chinook, and upper basin
ocean type Chinook.

The EDRRA model was constructed to forecast analiahdances of Chinook salmon before,
during, and after dam removal on the Klamath Raret to explicitly incorporate uncertainty in
the abundance forecasts. To quantify the unceytairthe forecasts, two sources of information
were used: 1) a Bayesian retrospective model #tahated historical production in the basin
below Iron Gate Dam that provided posterior proligtdistributions to characterize the
uncertainty; and 2) probability estimates of Chikpooductivity based on a meta-analysis of
Chinook production by Liermann et al. (2010), whiedre applied to forecasting the production
in the tributaries to Upper Klamath Lake (UpperiBasIn both cases, Ricker (1974) stock-
recruitment functions were used to define the i@hahip between spawners and age 3 ocean
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fish, which is the first age at which they are \arhible to the fishery. Because EDRRA was
developed to support an economic analysis of tfeetsfof dam removal, the Klamath Harvest
Rate Model (KHRM , Mohr In Prep) was used to remfisie from the population by the
ongoing fishery. For more information on the EDRRWAdel, please see Hendrix (2010).

In the initial version of EDRRA, the KBRA effectsewe assumed to improve productivity in the
Ricker stock-recruitment relationships. The KBRgess on productivity (entitled KBRA in
the subsequent analysis) was modeled by usingatedidNormal distributions, in which less
productive values of the distribution were excluded., Figure 1 A). In contrast, the model
runs from this analysis (entitled No KBRA in thébsaquent analysis) removed the truncation
and thus the full distribution in productivity vaisiwere sampled (Figure 1B).

Comparison between EDRRA No KBRA and EDRRA KBRA

The results of running the EDRRA model are onlydral a relative sense. In other words, the
results of two actions must be compared to eactr athorder to understand how the actions
performed under one alternative compare to therstinder a different alternative. To
compare the results of the DRA relative to the N&Aperformance metric was calculated as
(DRA — NAA)/NAA. The DRA performance metric waslcalated for each of the 1000 DRA
and NAA model pairs (see Hendrix 2010 for furthetails on the pairing of model runs under
DRA and NAA). The DRA performance metric was comegplhere for the version of the
EDRRA model with the No KBRA productivity distridons in place. | calculated the median
DRA performance metric for the No KBRA model ruhsragside those previously calculated
under the KBRA model runs to show how allowing tiiéproductivity distribution to be
sampled leads to slightly different results thamiodel runs performed in Hendrix (2010).

The result of allowing the full distribution of practivity to be sampled (i.e., No KBRA effects
on productivity) lead to slightly lower median vatiof the DRA performance metric relative to
the KBRA in escapement in the absence of fishinguile 2). Escapement in the absence of
fishing is a quantity used to compare DRA and NA&AIrns to the Klamath Basin; however,
fishing occurs every year in the model. Beforaifig occurs though, the KHRM model
calculates the hypothetical escapement in the absafifishing for that year. | keep track of this
guantity as an overall estimate of productivityttbauld have returned to the basin for
comparison purposes. In other words, the escapgamére absence of fishing is the abundance
of fish that would return to the basin if the fish&as hypothetically closed that year. But in
fact it is not closed. The fishery then occurghiat year and actual escapement feeds into the
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production portion of the model. The annual déferes in the DRA metric between the model
runs was due to the different assumptions in prindticas a result of KBRA (i.e., sampling the
full distribution under No KBRA versus sampling ttnencated distribution under KBRA). The
difference between the KBRA and No KBRA EDRRA modeis increased over the 50 year
time series (Figure 2), because the KBRA EDRRA rhagte shifted the lower bound of the
truncation over time such that the lower 25% ofdtstribution was excluded by 2061 (Hendrix
2010).

The DRA performance metric was also lower undeMNtbdBRA model runs relative to the
KBRA model runs for the escapement to the loweirb@dgure 3). The pattern in the DRA
performance metric was similar as the escapematdruro fishing (Figure 2) in which the later
years (after approximately 2033) had larger diffiess between the KBRA and No KBRA

model runs. Furthermore, there were some yearsawhe median escapement to the lower
basin was lower under DRA than NAA in the No KBRAdel runs. This result was expected,
because fish are returning to two basins undeDfRA; therefore, there are some conditions
under which escapement to the lower basin maydseurder DRA than NAA as fish are
returning to the Upper Basin under DRA. This soahe reason the escapement in the absence
of fishing was used for comparing the overall resuto the system under DRA and NAA.

A similar pattern in DRA performance was observetiieen the KBRA and No KBRA runs of
the EDRRA model for ocean commercial harvest (Fegbras for the escapement in the absence
of fishing (Figure 2); the median performance noefor the No KBRA model run was below the
KBRA model run, and the difference in the metricreased over the time period of the model
simulations. The same pattern was evident in teaio recreational harvest (Figure 5), which
occurred due to the KHRM apportionment of harvesiieen the ocean commercial and ocean
recreational components of the fishery.

The pattern in DRA performance was somewhat diffefer the KBRA and No KBRA EDRRA
model runs for the river harvest (Figure 5). Tiverfishery is capped at a harvest of 25,000
fish (Mohr In Prep), and the increase in abundamoker DRA relative to NAA could not be
caught in the river fishery in many of the modeldtions. As a result, the comparison of No
KBRA to KBRA model runs was equivalent for mostloé time series of the model. Only after
approximately 2049 does there appear to be a shgihrtovement in the DRA metric for the
KBRA model run versus the No KBRA model run (Figbjehowever, the scale for the river
harvest is one order of magnitude less than thepescent in the absence of fishing (Figure 2),
the commercial harvest (Figure 3), and the oceavesa(Figure 4).
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Finally, the pattern in the DRA performance metoicthe tribal harvest (Figure 6) was similar
to the ocean commercial and recreational harvabttive No KBRA performance being below
the KBRA performance and the difference increaswey time (Figure 6).

How to interpret the results of the EDRRA model

The goal of the EDRRA model was to provide relafmecasts of abundance under DRA and
NAA while incorporating uncertainty from multipl®grces into the abundance forecasts. As a
result, the EDRRA model evaluated performing theADRrsus performing the NAA over
multiple states of nature. A state of nature fn@el as a hypothesis about the state of the
system (e.g., productivity of lower basin stockapacity in the lower basin, productivity of
upper basin stocks, capacity of upper basin, effeotean conditions, etc.). In the EDRRA
model, each state of nature is a parameter sete 1 parameter set to perform the NAA and the
same parameter set to perform the DRA, which pes/alpair of model runs under the same
state of nature. The EDRRA model then does thigah of 1000 times to be able to calculate
1000 paired model runs. The performance metresamputed on those paired runs.

Due to the paired nature of the model runs, thet nodmist metric of this analysis is the
probability of having higher abundance under DRatINAA. This is the portion of the
distribution of DRA performance metric with valug®ater than 0. Focusing on the period after
2033 when active reintroduction has ceased andhéatsupplementation has ended, the portion
of the distribution greater than 0 is approximat@l§8 for escapement in the absence of fishing
under KBRA or odds of approximately 3:1 in favor@RA (Table 1). The proportion is slightly
lower at 0.75 for the No KBRA model runs (Table Additional calculations of the probability
of higher abundances under DRA relative to NAA@@vided for the KBRA model runs (Table
1) and the No KBRA model runs (Table 2).

The relative difference between DRA and NAA ( i(@RA-NAA)/NAA * 100%), may also
provide information about the magnitude of improesmin DRA over NAA (note that this
guantity is the same as the DRA performance m#tatwas compared previously between the
KBRA and No KBRA model runs). The magnitude is meensitive to model assumptions
about the states of nature than the probabiliYRA > NAA, however. Still, if one wanted a
single value on the percentage improvement in admcelunder DRA relative to NAA, the
median would be a good estimate (so would the mgacally, but the abundances have skewed
distributions and the mean is more sensitive tovekss). The median estimate for the relative
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magnitude of change is 81.4% for the escapemeheiabsence of fishing for the KBRA model
runs (Table 3). In other words, one would havé 1i8es the abundance of NAA fish by
performing DRA. The credible intervals (Table 31&) represent uncertainty in the relative
magnitude of change due to performing the DRA actioThe 95% credibility interval (region
over which the outcome has a 0.95 probability @uoence) is between -59.9% and 881% for
escapement in the absence of fishing (Table 3} tiere is a 2.5% chance that the abundance
under DRA will belessthan -59.9% of NAA abundance and there is a 2.5% chératehe
abundance under DRA will lgreater than 881%. Thus, the remaining 95% of the distribution
falls between these two values. | have computeselivalues for different periods in the
modeled time series and for the KBRA model rund(@8 — equivalent to Table 8 in Hendrix
2010) and the No KBRA model runs (Table 4).

The overall result from conducting the No KBRA mbudms is to reduce the DRA performance
metric by a small amount. By allowing the full@wilsution of productivity values to be sampled
over the time series (No KBRA), there is a decredspproximately 0.03 to 0.04 in the
probability that DRA > NAA over the 2033 - 2061 @mperiods relative to the KBRA model
runs (Tables 1 and 2). Decreases in the magndfittee DRA performance under No KBRA
versus KBRA were on the order of 8% to 10% forgbet 2033 time period (Tables 3 and 4).
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Table 1. Probability that abundance is greaterdsfopming DRA rather than NAAInder
the original model run in which KBRA improves pradivity of Chinook

populations.

Metric 2012-2020 2021-2032 2033-2061
Escapement in the absence of fisl 0.53¢ 0.79: 0.78:
Escapement Lower Isin 0.49¢ 0.54: 0.55i
Ocean Commerci 0.53¢ 0.79: 0.71%
Ocean Recreatior 0.53¢ 0.79: 0.71%
River 0.481¢ 0.621 0.62¢
Tribal 0.53¢ 0.79: 0.71¢

Table 2. Probability that abundance is greaterdsfopming DRA rather than NAAInder
the model run in which KBRA does not affect prodlity.

Metric 2012-2020 2021-2032 2033-2061
Escapement in the absence of fisl 0.522 0.78¢ 0.74¢
Escapement Lower Bas 0.46¢ 0.52 0.51¢
Ocean Commerci 0.52: 0.78: 0.672
Ocean Recreatior 0.52:¢ 0.78% 0.67:
River 0.46¢ 0.62¢ 0.607

Tribal 0.521 0.78¢ 0.68:
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Table 3. Percent increase in abundance due torperfig DRA versus performing NAA for three tir
periods: 1) prior to dam removal (2012 — 2020)@)ing active reintroduction in Upper Basin (2020-
2032); and after active reintroduction ceases emtiGate Hatchery production ceases (2033-206hg T
values in this table assume that KBRA improvespttoeluctivity of Klamath Chinook populations.. This
table is equivalent to Table 8 in Hendrix (2010).

2012-2020 2021-2032 2033-2061
Metric Median 95% Crl Median 95% Crl Median 95% Crl

Escapement in tF 10.8% (-79.7%, 81.8% (-61.7%, 81.4%  (-59.5%,
absence of fishing 492.6%) 836.5%) 881.4%)
Escapemerto Lower 0.0% (-72.2%, 6.7% (-77.5%, 9.2% (-75.8%,
Basin 385.7%) 474.8%) 489.6%)
Ocean Commerci 9.2% (-86.7%, 63% (-61.9%, 46.5%  (-68.7%,
836.2) 1618.9%) 1495.2%)

Ocean Recreatior 9.2% (-86.7%, 63% (-61.9%, 46.5%  (-68.7%,
836.2) 1618.9%) 1495.2%)

River 0.0% (-92.3%, 8.7% (-73.4%, 9.1% (-77.4%,
1519.7%) 2778.1%) 2753.7%)

Tribal 10.2% (-88.6%, 71.5% (-65%, 54.8%  (-71.0%,

1009.8%) 1948.2%) 1841.0%)
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Table 4. Percent increase in abundance due torgenfy DRA versus performing NAA for three tir
periods: 1) prior to dam removal (2012 — 2020)@)ing active reintroduction in Upper Basin (2020-
2032); and after active reintroduction ceases emtiGate Hatchery production ceases (2033-206hg T
values in this table assume that KBRA has no efiadhe productivity of Klamath Chinook
populations..

2012-2020 2021-2032 2033-2061
Metric Median 95% Crl Median 95% Crl Median 95% Crl

Escapement in tk 6.€% (-80.1% , 81.5% (-60.1%, 70.8% (-61.2%,
absence of fishing 473.3%) 853.5%) 779.4)
Escapemerto Lower 0.0% (-72.8%, 4. 7% (-76.7,465.9 2.2% (-76.3,
Basin 342.5%) 432.6)
Ocean Commerci 5.S% (-87.2%, 60.9% (-62.1, 1632.€ 38.7% (-70.6,

798.2%) 1290.3)
Ocean Recreatior 5.S% (-87.2%, 60.9% (-62.1, 1632.€ 38.7% (-70.6,

798.2%) 1290.3)
River 0.0% (-93.1%, 9.2% (-75.9%, 7.1% (-81.3%,

1416.0%) 2976.5%) 2311.1%)
Tribal 6.7% (-88.8%, 70.0% (-66.6,1970.2 45.5% (-73.6,%

939.3%) 1551.3%)
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Figure 1. Examples of Normal distributions for pmotivity under two assumptions about KBRA
effects. Plot shows the distribution of productwalues in 2035 for ocean type Chinook in the
Lower Basin assuming KBRA improves productivityG@liinook populations by removing the
lower values of productivity (A - KBRA ). If KBRAloes not affect productivity, the entire
distribution is sampled for productivity values2@35 (B — No KBRA).
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Figure 2. Relative performance of DRA to NAA ([DR¥MAA]/NAA * 100%) in escapement in
the absence of fishing. Plot shows median perfoo@assuming KBRA improves productivity
of Chinook populations (KBRA) and without increagioroductivity (No KBRA).
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Figure 3. Relative performance of DRA to NAA ([DRWAA]/NAA * 100%) in escapement to
the lower basin under two assumptions about KBRA&cg$. Plot shows median performance
assuming KBRA improves productivity of Chinook ptgtions (KBRA) and without increasing

productivity (No KBRA).
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Figure 4. Relative performance of DRA to NAA ([DR¥MWAA]/NAA * 100%) in ocean
commercial harvest. Plot shows median performassaming KBRA improves productivity of

Chinook populations (KBRA) and without increasingguctivity (No KBRA).
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Figure 5. Relative performance of DRA to NAA ([DR¥MWAA]/NAA * 100%) in ocean
recreational harvest. Plot shows median performassuming KBRA improves productivity of

Chinook populations (KBRA) and without increasingqguctivity (No KBRA).
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Figure 6. Relative performance of DRA to NAA ([DR¥MWAA]/NAA * 100%) in river harvest.
Plot shows median performance assuming KBRA imm@reductivity of Chinook populations
(KBRA) and without increasing productivity (No KBRA
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Figure 7. Relative performance of DRA to NAA ([DR¥MWAA]/NAA 100%) in tribal harvest.
Plot shows median performance assuming KBRA imm@reductivity of Chinook populations
(KBRA) and without increasing productivity (No KBRA




