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Management ofChinookSalmon harvest in the Pacific Salmon Treaty'|R&as of Southeast
Alaska and British Columbia under/ggregate Abundance Based Management (AABM)
framework depends heavily on forecastsGliinookabundance prior to the onset of fishing
(pre-season forecasts). In response to recent increases imidmgnitude of differences between
pre-season and posteason abundance estimates in the three AABM areas, as well as concerns
about forecasts by regional agencies, the Pacific Salmon Commission (PSC) established an
Independent Expert Panel. The mandatelu# Panel was tal( evaluate the accuracy and
precision of stocispecific forecasts produced by agencies, and evaluate the differences
between the PSChinookmodel's preseason forecasts of abundance in AABM areas with-post
season estimates, (2) provide\ace on the strengths and weaknesses of forecasting methods
and alternatives, and (3) suggest improvemeiiisePanel consisted of three members, one
proposed by Canada and two by the U.S. Section

An informatiorrgatheringworkshop wadacilitatedby thePanelon 10-11 August 2016 in
Portland Oregon. Brticipantswere responsible for agency forecasitselected stocker for
forecasts fromii K S €HinboRndodel(the latter produced by th€hinookTechnical
Committee, CTCA total of 23 norpand participants attended, representing nine agencies.
Presentations were made agency forecasts and annual run reconstruction metheasl on
the PSCChinookModel's calibrationand abundancdorecastingoroceduresBefore and after
the workshop, thedPand reviewed large volumes of informatidrom more than 70 documents
and spreadsheeteelated to Chinookforecasting methodand resultsPanel members also
conductedextensive followup with forecasters and modelers by email and phéore
additional infornmation and explanations.

The Panel identified number ofissues affecting bias and precision of agency forecasting
methods and their effective applicatianthese are not necessarily weaknesses but are rather
opportunities for improvement. For agency aslivas PS@odel forecasting methods, the

Panel identified general conclusions and specific recommendations for improvement. Issues,
conclusionsand recommendatioarepresent theconsensu®f the Panel members.

Recommendations aralso qualitativelycategorized by urgency and immediaafypotential
implementation
Nearterm ¢ Relatively straightforward to implement with likely immediate benefit (within
1 year).

Intermediateterm ¢ Would require moderate investment of time and effort2lyears)

Longterm ¢ Would likely require substantial time and effort, but with high potential for
long term improvements (5 years).



Agency Forecasts

Bias & Precision

1. The forecast of Columbia Upriver Brighinook Salmois nearly unbiased and
reasonably prese (mean percent error = 1%; mean absolute percent error = 25%). The
most recent returns (201:35) were the largest in the data set and showed the greatest
deviation between the forecast and actual terminal nets There was no obvious time
trend of fore@sts being either undeor overestimates.

2. The forecast of Columbia River Spring Creek Hatchery shows a tendency to overestimate
actual abundance and is reasonably precise (mean percent error = 8%; mean absolute
percent error= 31%. There are periods aiderestimates of the run (2062004) and
overestimates (2002012;Figure24).

3. The forecast of Columbia Upriver Summ@hinook Salmowas evaluatedor the 2005
2015 returnsOverall, he forecast shows a tendency to overestimate abundance and is
reasonably precise (mean percent errot@®%6; mean absolute percent error 2%).
Forecasts for 7 of the 8turnsbetween 2005 and 2013 were greater tharetbbserved
returns, whereas the returns for 2014 and the recdnidgh 2015 were more than forecast.

4. Forecasts of West Coast Vancouver Isl&tdnook Salmoare biased low (mean percent
error =-27%) and are imprecise (mean absolytercenterror = 42%)Fifteen of the
seventeen forecasts examined were laith over forecasts occurring in 2005 and 2014

5. Forecassof North Oregon Coas€hinook Salmotend to oveestimate abundancéut
arereasonably precise (mean percent error = 8%; mean abspkrteenterror = 31%
However there was an unusually large over forecast in 2007 and Wilatforecast was
removed from the analysjshere was aendency to slightly underestimatie return
(MPE =2% and MAPE = 22%pllowingimprovemensin stock assessmeiih 2008 (more
age sampling, increases in the speed of scale aging, and improved escapement
estimation) forecastshavetended to underestimate the returning escapement (mean
percent error =6%)andforecast precision has been increased (mean absgiateent
error = 14%).

6. A comparison of forecastias (MPEjor the five stocks examined in this review with the
forecastbiasfor 37 sockeye salmon and 40 chum salmon steclsnined in previous
studiesshowed that the three Columbia River forecasts and theiNGregon Coastal
forecastwere at the low end of observed MPE valuektive tosockeye and chum
salmon forecastdn contrast, the negative bias demonstrated by the West Coast
Vancouver IslandChinook Salmoforecast (MPE) fell below the range of Méliserved
for either chum or sockeye salmon.

7. A comparison of forecast precision (MAPE) for the fBl@nook Salmostocks examined
in this review with the forecast precision for 37 sockeye salmon and 40 chum salmon
stocks examined in previous studies showvtkat the three Columbia River forecasts and



the North Oregon Coastal forecast were at the low end of observed MAPE values for the
sockeye and chum salmon forecadt¢hile the MAPE of 42% for the &8t Coast
Vancouverislandforecast is higher than the other fou€hinook Salmostocks examined

it is still well within the range of MAPE valuesaminedfor chum and sockeye salmon.

Strengths

\Y

Vv

Reflect the best available stock assessment data in any given year based on theggsou
and expert judgment of fishery biologists with the greatest familiarity with the stock.

Forecasting methods are based on simple and relatively robust models with
easilyunderstood methods and assumptions (given appropriate documentation).
Provide genmally comparable levels of bias and precision on average compared to those
observed for other salmon species.

Forecasts are generally useful for fishery management needs in both ocean and
freshwater fisheries of British Columbia, Washington, and Oregon.

Issues

VI.

The arrent documentation of agency forecasts of abundance that are sent annually to
the CTC does not provide sufficient information for PSC modelers to identify the long
term accuracy and precision of those forecasts, let alone uncertainty aheuturrent
year's forecast.

Efforts by agencies to provide forecasts as inputs to the PSC model are hampered by an
incomplete understanding of (1) the PSC model's information requirements, (2) how
those forecasts are used in that model, and (3) howsthuses differ from those of

fishery managers within regions.

The &curacy and precision of stospecificforecasts are limited by the available stock
assessment data; this is more of a problem for some Chinook stocks than others.

. Thereare substantialdifferences amongegional agencies in how stock forecasts are

produced and described.hese differences cloud the interpretation of the point forecasts
of abundance from the PSC model.

Forecasting methods for some stocks have not fultpiporatedexistingknowledge of
changing parametersuch as age at maturitgr recent advancements in statistical
methods of analysis.

Existing forecasting models used by agencies, especially sibling relationships, are
reasonably effective in repsenting average conditions but are vulnerable to performing
poorly for years of very low or very high returns.

Suggestions for Improvement: Conclusions & Recommendations

A

More comprehensive documentation is needed by the CTC from regional agency
forecasters regarding the agencies' methods, critical assumptions and uncertainties, and




accuracy and precision of past stegecific forecasts. Agencies should also state the
uncertainty in each stocks' annual forecasted abundance. Moequent indepth
communication between PSC modelers and agency staff is also required.

1. When regional agency forecasters send their sgmcific annual forecasts to the
CTC, they should documeheir modetranking procedures as well as the past
performance of their methods (bias and precisipge Recommendation N€ar
term)]

2.  Agency forecasters should not choose just one best model for forecasting
abundance in each age class. Insteadythleould conduct analyses across different
models that make different assumptions and report the resulting set of forecasts to
the CTC for use as inputs to the PSC model. The generallgrizdggtion intervals
(not confidence intervals) around point foests should also be reporte&de
Recommendation 4ritermediateterm)]

3. Agency forecasters should also send to the CTC a set of forecasts, each one based on
a different modefranking criterion, as determined layrange ofmanagement
objectives. As desibed in section 8.1, the CTC can then conduct sensitivity analyses
with the PSC model to determine their effect on forecasts of abundance in the
AABMs[See Recommendation Biermediateterm)]

4.  All assumptions underlying the annual forecast, as agetlata related to those
assumptions, should be listed in the document provided to the PSC modelers so that
everyone is aware of the forecast's strengths and weaknefSes.

Recommendation 1Nearterm)]

5.  Alist of the alternative forecasting models examined and the criteria used to select
among those models for producing a forecast for the Northern Oregon Coast should
be clearly stated in the forecast document provided to the PSC model group, as
suggestedn recommendations at the start of section3ee Recommendation 16

(Nearterm)]

More explicit direction from the Chinook Technical Committee is needed by atpisey
stock forecasters regarding the annually requested forecasts.

1. The Columbia Riv@echnical Advisory Committee and the Pacific Salmon
Commission's modeling group should communicate with each other to ensure that
they are both working with the same definition of the Columbia River Summer stock
and the same sets of data, and that any brgtal information reflects this change.

[See Recommendation 18darterm)]

2.  The CTC modeling group and W@Vist Coast Vancouver Islaridjecasters
should decide (1) which type of forecast is required from WCVI (based en base
period data[19791982]or recent years, for example), and (2) the forecast



performance values beyond which an extensive review of forecasting methods
should be triggeredSee Recommendation 1Ngarterm)]

3.  The CTC should request each regional agency to provide to PSC sibéeler
forecasts of abundance for the model deemed best for each of the "relevant”
ranking criteria (such as MRE, MAE, or RMSE), where "relevant” is defined as those
that fit with stated management objectives for the AABNISee Recommendation

22 (Nearterm)]

C. Substantial improvements in basic assessments of some Chinook stocks are needed to
support current PSC model and management applications, otherwise expectations need
to be rescaled/reduced to recognize existing data limitations. Further expanstbe of
PSC model's number of stocks and fishing areas may need to be postponed until the
guality of relevant data is deemed suitable.

1.  Continue to improve upon the ability to estimate the contribution by stock to all AABM and
ISBM fisheries with the objective of obtaining reliable stock contribution estimates by age.
The Panel encourages the commitment of extra fundingiHerimplementaton of
techniques to estimate stock contributioirs a timely enough manner that thesultscan
be used for forecasting in the subsequent y¢d&ee Recommendatiah(Long term)]

2.  An evaluation of the WCVI sampling program should be undertaken to degeiim
(1) there has been a dramatic change in sample collection methods and sampling
intensity over the years, and (2) whether the sample design and intensity is
adequate to obtain meaningful age composition estimates. If the sample design
appears to be dequate, then explore other ways to estimate the -@gend ageb
components of the returngSee Recommendatidi? (ntermediateterm)]

3.  Continue the increased sampling in the Northern Oregon Coast for age, rapid
reading of scales for age, and improvertgeeim escapement estimatiohSee
Recommendation 18 (Ned&rm)]
D.9adGlofAaKYSYyild 2F | &aSiG 2F 46Sai F2NBOFadGAy3
improve the statistical foundation of methods for stock forecasting.

1.  We encourage all agency foretas to apply ForecastR to their regions' stocks. As
well, the CTC should run workshops to familiarize agency scientists with the
ForecastR prograniSee Recommendatigh(Nearterm)]

2.  Explore the use of naturldg transformations for siblingegressions. The
examination should evaluate both the effect on meeting the regression assumptions
and forecasting performancé§See Recommendatién(Nearterm)]

E. Accuracy, precision, and transparency of stock forecasting methods might be substantially
improved by application of more formal modgtlection criteria that match clearly
defined management objectives, as well as more advanced statistical methodsldvat al
for time-varying parameters.




1.

The Columbia River Technical Advisory Committee (TAC) should explore whether
using formal statistical modedelection criteria improves the accuracy and precision
of their forecasts[See Recommendatiéh(Nearterm)]

F. Development of new models and advanced parameter estimation methods may improve

the accuracy and precision of agencies' annual forecasts. Regardless of any such

improvements, large uncertainties in forecasts should be expected, especially when they

are based on data outside the range of past observations.

1.

Agency forecasters should try applying a hybrid sibling model, especially to cases in
which the fit of data to a standard sibling model is wg8ee Recommendatidn
(Nearterm)]

We recommend thaagency forecasters try using a Kalman filter estimation
procedure for fitting their sibling relationships to account for tivaeying
parameters]See Recommendatidh(Nearterm)]

The use of recent harvest rates and maturation rates should be exptortdw

WCVI forecasting model. These analyses should estimate model sensitivity to
uncertainties in these rated\l results of these sensitivity analyses, including the
associated forecasts, should be provided to CTC modelers along with estimates of
uncertainty in the forecast{See Recommendatidr8 (ntermediateterm)]

Explore a different and simpler method of forecasting terminal return to WCVI. The
preferred method would reduce the complexity of the forecast by reducing the
number of data manipaitions and number of parameters and assumptions in the
forecasting procedure. As with all new methods, it should be thoroughly evaluated
to determine whether an increase in performance is actually obtained in terms of
bias and precisiar®nsitivity analyses should be performed to determine the
influence of uncertainties in model parametd&ee Recommendatidr
(Intermediateterm)]

We recommend tha©regon Department of Fish and Wildli@FVYforecasters
examine logloge (natural bgarithmsibling regressions, a hybrid sibling model, and
a Kalman filter estimation procedure, the latter to account for possible temporal
changes in parameters of the sibling relationshfee Recommendatidd (Near
term)]

As the population assessmtamodels continue to evolvBlorth Oregon CoasNOGQ
researchers should determine the sensitivity of the resulting forecasts to the
uncertainty in estimated parameters in the models and quantify the uncertainty in
the forecasts[See Recommendatid® (ntermediateterm)]

If more detailed data can be obtained from terminal fisherieS\fOC the forecast
for this aggregate stock should change to a terminal run forecast instead of an
escapement forecasiSee Recommendati@® (ntermediateterm)]
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Comparisons ofrre-season forecastand post-season estimatesf AABMabundancé

The PSC model's pseason forecasts of abundance in each of the three AAEJ can be
evaluated by comparing them with the pes¢ason abundance estimates in thosensaareas
However, both of these values are estimates from the PSC mtiuaike is no independent

estimate of actual abundances of Chinook in the AABMs. Thus, there is no way to calculate the
bias and precision of the PSC model because there is no reka@léo estimate actual

abundance of Chinook in the AABMs. This situation contrasts with approaches to evaluating
stockspecific agency forecasting methods, in which catches and escapements can be summed
to estimate actual returning abundances to comparéwvagency forecasts.

1. The magnitude of annual differences between the PSC modeFspdepostseason
estimates of abundance in each of the three AABM areas have generally been less than
25% of the posseason estimates, but those deviations can représemdreds of
thousands of fish.

2. From about 2005 through 2011, forecasts tended to be greater thanseEsson
estimates For 2012 through 2015, forecasts in two years were overestimates and two
were underestimates.

3. Large deviations between prand postseason abundance estimaté®m 2012 through
2015.Those deviations were highly positively correlated across the three AABM areas.
That is, overestimates in Southeast Alaska occurred in years when overestimates occurred
in Northern B.C. and the West CoasMancouver Island, and the same with
underestimates.

4. Causes of the recent large discrepancies between thege postseason Als are
unclear. However, the strong positive correlationdiscrepancieacross AABMareas
along with other evidence, suggis that both the PSC model and the agencies' stock
specific forecasting methods do not properly represent changes in key factors such as
time-varying maturation rates, marine survival rates, or exploitation rates.

5. Forecasts ofChinook Salmonbtained from the PSC model after the Agency forecasts
were incorporated were relatively unbiased when measured by mean percent error (MPE)
for four of the five stocks in this review. The forecast for the West Coast Vancouver Island
stock was biased loWMPE=17%) but not as biased as the Agency forecast (VEOES).

1 A review of forecasts obtained from the PSC model absent input from the Agency forecasts for the five stocks in
this review was not performed. Conversations with John Carlile (ADF&G) iddretéhe model would need to
be rerun with the Agency forecasts removed in order to determine how the PSC model would forecast absent
Agency input. Given the large number of possible ways the model could be examined for the five stocks (one stock
removedat a time, all stocks removed, or some combination), extremely limited staff time to do the model runs,
and the scope of this review, it was determined that this evaluation would best be performed at a later date.

11



The precision of the forecasts (MAPE) for the five stocks from the PSC model after the
Agency forecasts were incorporated was comparable to that obtained from the Agency
forecasts.

Strengths

V  Combinesstockspecificforecastsalong with other data to produce forecasts of
abundance of Chinook in the thr@@ABMs. Those forecasts, which are in units relative to
the baseperiod abundances (1978982) help determine maximum catches in AABMs
based orthe fishery control rules established by the Treaty.

V  Extends terminal forecasts developed by the agencies tdiphery ocean abundance for
application toAABM fisheries in Alaska and British Columbia.

V Calibration procedure incorporates current data i@ forecasting method.

V  Provides means of forecasting index and other stock abundances and returns to terminal

fisheries.

Issues

VII. Incomplete and oubf-date documentation of the current PSC Chinook model and its
calibration and projection procedure$)(threatens loss of institutional knowledge as key

staff move on, (2) increases challenges to new CTC members who want to understand the
model and its procedures, and in the worst case, (3) increases the chance of errors in the

model's application and ietpretation.

VIII.The deterministic nature of the PSC model and paucity of routine sensitivity analyses do
not provide information about uncertainties in the model's forecasts of abundance in the
three AABMs and terminal areas, thereby hamperingimétirmed decision making by
PSC Commissioners and fishery managers in AABM areas.

IX. The PSC model's structure, parameterization, and calibration are complex and subject to

substantial structural and parameter uncertainties.

X. Limitations of data and unctinties associated with stock assessments and forecasting
models challenge effective implementation of abundatesed management of Chinook
under the Pacific Salmon Treaty.

Suggestions for Improvemen€onclusions & Recommendations

G. Comprehensive upo-date documentation of the PSC Chinook model in a single, central
location is necessary to support its effective and credible use and improvement. A
succession plan for training new model users is also critical.

1.  Additional evaluation and documentation are needed of the PSC model's methods
for dealing with stocks for which ag@mposition data and/or forecasts of terminal
abundance or escapement amet available, given the large relative abundance of
those stocksn some AABM areasS¢e Recommendati@b (ntermediateterm)]

12



The calibration procedure for the PSC model should be standardized and thoroughly
documented to such an extent that a new member of the Analytical Working Group
could repeat previousxample analyses and come to the same stopping point about
which calibration is deemed "fina[See Recommendation 3atermediateterm)]

H. Point estimates of forecasts of abundance indices in the three AABM areas from the PSC

model should be accompandéy descriptions of uncertainties in those forecasts.

Uncertainties can be derived from extensive sensitivity analyses of effects of different

assumptions and input parameters. Expression of uncertainty in these forecasts is

essential for determining theonfidence to be placed in them and allowing for

appropriate consideration by fishery managers.

1.

A series of projection runs should be conducted with the PSC model to produce a
range of Als for each AABM area. These Als would reflect the differeniegjenc
stockspecific modetanking criteria that are deemed relevant to AABM
management objectiveg.he set of projection runs will be reduced once the
agencies clearly understand the AABMnagement objectiveiSee
Recommendatio23 (ntermediateterm)].

Uncertainty in estimates from the PSC Chinook model should be explicitly
represented either by making the model stochastic or running it across numerous
sets of assumptions using sensitivity analysese[Recommendati@® (ong

term)]

. Substantial reision, testing, or possibly even replacement of the existing PSC Chinook

model is necessary to effectively serve continuing needs, including the need for

statements of uncertainty in the model's forecasts. A subgroup of CTC members should

be created to eglore such revisions and new models.

1.

Functionality of the PSC Chinook model might be enhanced by including, where
appropriate, nonlinear relationships such as those found in many other fisheries
models, including the effect of fishing on reducing the Ebundance available to
subsequent fisheries during a given y¢&ee Recommendation Ptermediate
term)]

Effects of changes in marine spatial distribution of Chinook stocks on functionality of
the PSC Chinook model need to be evalug&sk Reaomendation 25
(Intermediateterm)]

Sensitivity analyses with the PSC model should be used to explore different
assumptions about (1) age structure for stocks without historical age composition
data, (2) bodysize structure used in the current methoddstimating PNV, and (3)
alternative structural formulations of the PSC model to calculate changes in age at
maturity as a function of changes in beslye distributions. Some of those analyses
could also assume various correlations with-atienaturity shedules of other
stocks[See Recommendati@® (ntermediateterm)]

13
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11

The differences between pseason and posteason abundance indices in each of
the three AABMs might be reduced by including in the PSC model tendencies for
multiple stocks to have pively correlated time series in productiviti€Se¢
Recommendatio27 (Longterm)]

The PSC model might be improved if factors such as EV and RT were calculated as
functions of other variablesSpe Recommendati@8 Longterm)]

Ideally, the exiing PSC Chinook model and/or its procedures should either be tested
and refined or an entirely new model (or models) should be develdpesl. [
RecommendatioB0 (ongterm)]

Testing of the PSC model (and all other contemplated models) should be a high
priority when the Data Generating Model is releag&®e Recommendati@i
(Intermediateterm)]

Evaluations of the PSC model should include: (1) a check whether there is
confounding of parameter estimates in the stage 1 calibration; (2) a series of
sersitivity analyses/calibrations exploring alternative values for assumed age
specific natural mortality rates that might affect all other subsequent calculations
and forecasts of abundance, and (3) consideration of whether the PSC model is
being oveffit. [ See Recommendation 32 (N¢arm)]

Documentation should be provideegardingthe basis of estimates of Ricker stock
recruitment parameters, as well as uncertainty in those estimates. Also, some
improvement in performance of the PSC model might beimddaf theAnalytical
Working GroupAWQ used a Kalman filter that allows for a tirvarying maximum
productivity parameter in a given stock's Ricker st@dtuitment model. That

Kalman filter procedure will explicitly take into account observation error as well as
natural variation.[See Recomendation33 (ntermediateterm)]

Given the large number of input parameters, all possible combinations of low,
medium, and high values for each parameter may be impossibly time consuming.
However, only a subset of those combinations would be needamdnice a range

of forecast abundancefSee Recommendati@# (ntermediateterm)]

The Panel generally recommends use of sgpacific forecasts provided by

agencies rather than forecasts derived solely from the PSC model in the absence of
clear evilence of improvements in accuracy and precision across multiple years for
PSC moddbrecasts. fee Recommendati@® (Nearterm)]

Alternativeforecastingframeworks as well as ways of using forecasts of abundance,

should be considered for Chinook ifrcent information and resources are not sufficient

to effectively conduct adequate analyses and implement provisions of the current Treaty.

Those provisions may need to be changed during current negotiations.

14



Considerations of outcome uncertainty (dgidn between desired and realized
outcomes such as catches) , as well as uncertainties in forecasts, will influence
expectations of managers of these AABM fisheries when they choose annual fishing
regulations[See Recommendati@Y (ongterm)]

The P8 Chinook model should take into account outcome uncertainty when making
forecasts and presenting uncertainties in thg®ee Recommendati@8 (ong
term)]

The abundance forecasts for AABMs areas produced by the PSC Chinook model
should convey tmmanagers the net effect of all of the major uncertainties described
previously- structural uncertainty, parametric uncertainty, uncertainty about
management objectives, and outcome uncertaif§ee Recommendatie® (Long
term)]
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Chinook Slanon harvests in Pacific Salmon Treaty (PST) areas of Southeast Alaska and British
Columbia are managed under Aggregate Abundance Based Management (AABM)
framework. AABM fisheries includ®utheast Alaska troll, neand sport; northern British
Columbiatroll and sport and West CoastVVancouverislandtroll and sport. Annual maximum
allowablelandedcatchesn these three AABM fisheries are established based ceggnegate

stock abundance indefAl)of contributingstocksto each AABM area. These Als ealculated

prior to each fishing seasdyy the ChinooKTechnical Committee (CT@ing the Pacific Salmon
Commission's (PSCGhinookmodel (henceforth "PSC modealf "CTC mode); based in part

on stockspecific run forecasts derived by regional fisheranagement agenciesd in part on
numerous other sources of input dafa

For each AABMrea the Treaty identifies an abundantased harvest control rule that allows
for highercatchesat greater aggregate abundancggable 1 in Chapter 3 of the Treatyhere

are several different Al tiers per fishery where fhercentageharvest rate steps up to a higher
level. Thus, higher abundance forecasts allow for higher harvests because more fish are
available to the fisheryand above certain levels, the available fish are harvested at greater
rates. Conversely, lower abundance forecasts require lower exploitation and produce lower
harvests.There arealsoprovisions in thélreaty that reduce Al catch levels when selected ktoc
and stock aggregates are below conservation objectives recognized b$@e P

During the recent period of widely variabBhinookabundance throughout the norteastern
Pacific, differences between pseason (i.e., préishery) abundance estimates in the AABMs
and their respective posteason abundance estimates have increasausiderably. Relatively
large deviations havalsobeen observedor specificstocks between recent preseason
forecastsof terminal run sizes (or escapemeant)d postseason estimates. Thusgnous
concerns have been raised abqure-seasorforecasts provided by agencies as input to the
annual calibration ppcedure of the PSC coastde Chinookmodel(CTC model). To address
these concernsthe PSGpproved a process and timeline for an independent technical review
of "... three methods for predicting stock abundance (agency forecast, CTC model calibration
from agency forecast, and CTC model forecast absent agency fotedaskidependent
Technicat | Yy St 0 & (d§ SstablishgtS do ¢hisreview.

Forageng forecass, the Panel was asked to focusfoue Chinookstocksthat havesubstantial
abundancen AABMareasand/or have had recent forecasting performance issues:

9 Columbia River Upriver Brights,

2 Inthis document "agency" will refer the Alaska Department of Fish and Game (ADFG), Fisheries and Oceans
Canada (CDFO), Washington Department of Fish and Wildlife (WDFW), Oregon Department of Fish and Wildlife
(ODFW), Columbia River InfEtibal Fish Commission (CRITF@)edd.S. Fish anildlife Service (USFWS).
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9 Columbia River Summers

1 Spring Creek (Columbia River),

1 Northern Oregon Coastal Fall, and
1 West @ast Vancouver Island.

Objectives of theeview inclue, but are not limited to

1) Evaluate the bias and precisionaifernativemethods for predicting the preand post
season abundance (Abundance Indal;

2) Provide advice on the strengths and weaknesses of each method; and

3) Suggest improvements to curreagiency preseason forecast methods for predicting
stock abundance.

Additional details regarding this review's objectives and process may be found in the PSC's
executive summary of theTermsof Referencé (see Appendid).

3 ¢ 4! bMtwh/ 9{ {

After approval of this procesby thePacific Salmo@ommissionan independent panel of
scientists was appointed from nominations by the respective delegations. The demseied
of three members, one proposed by CandBandall Petermargnd two by the U.S. Secti
(Brian Bue and Ray Beamesderf8rjef biographies of Panel members may be found in
Appendix B. The PSC Secretariat also alertguhcies affectetly the review process and
requesedthat pertinent information be provided to the Panfar review.

An informationgatheringworkshopwas held by the Panel, CTC, &gkncyrepresentatives on
10-11 August 2016 at the Columbia River Iateibal Fish Commission in Portland, Oregon (see
Appendix C for details of workshop agenda, participants, and PowerPesgmations)
Participants included peopldirectly responsible for the selected agency forecastsfand
forecasts fromthe PS@hinookmodel. At the workshop, gency staff provide
technical/analyticapresentationsabout the domestic agency forecasts and annual run
reconstruction methodsPresentations were also made abdabhe PS@hinookmodel in order

to familiarize thePanelmembers withits structure anccalibration procedure$or incorporating
the agencyprovided forecastsas well asther datg includingwhere noagency forecast was
available, andorecastingpre-fishery abundancefor allocaion to mixedstockocean fisheries.

The workshop was facilitated by the Panel and encouraged discussions regarding:
1 Problems or issues affecting bias, precision, or usehaiookabundance forecastand

1 Central issues or improvemerits forecasting methodglentified by workshop
participants for consideration by theanelwith respect toboth stockspecificforecasts
andthe PS@hinookmodels forecastgsee Tables 2, 3, and 4 in Appendix C)
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Following the workshop, the Panel reviewed large volumes of information relat€thitwook
forecastng methodsand results. Extensive folleup was conducted by the Panel with
forecasters and modelers byreail and phone to obtain additional information and
explanations. The Panel conferred frequently by conference aadl email to discuss
information, identify key and issues, draw conclusions, and develop recommendations. All
conclusions and recommendations in this report represent the consensus of the Panel
members.

A draft report was provided to the P88 September 15, 2016 and distributed to participating
agencies for review and comment. Review comments were provided bggecies with a

deadline for receipt of October 1, 2016. Randall Peterman presented preliminary findings to the
PSC on October 6, 2016. The PSC also proadtétional suggestions on October 24, 2016
regarding the structure of the final report, particulain the executive summary. The Panel
subsequently revised the draft report to address comments and suggestions by the reviewers.

Descriptions of general issues and conclusions regarding fonegastthods are found in
Section 6 of this report. More dailed recommendations are found $ection 7or forecasting
models used bygenciedor the five stockgeviewed and in Section 8 ftilie PS@hinook
model

4 .1/ YDwh! b5

This section summares Portlandvorkshops presentationgegarding the methods useddr
making agencies' stoedpecific forecasts and PSC model forecasts. The Panel was asked to
describe these methods in this report. Thumbnails of PowerPoint presentations from the
workshop may be found in Appendix C. The summaries below include ootes or
paraphrases othoseslidesplus related points from reports or other material provided to the
PanelMore detailed descriptions and the Panel's analyses appear in sections 7 and 8.

4.1 Pacific Salmon Treaty and Fisheries

Gayle Brown (CDFO) providadbrief history of theChinookmanagement framework under the
Pacific Salmon Treaty and the key tool supporting this framewtnk PSC Coa$Vide
ChinookModel (the PSC modgélso called the CTC moylel

The1985 USCanada Pacific Salmon Treatdresses laspecies of Pacific salmon and fisheries
from Cape Falcon, Oregon to Cape Suckling, Al&$kaookstocks weregenerally believed to
be depressed coaswide by the late1970sand early 1980s. The Treaty waseaagnition that a
Chinookrebuilding progranwasrequired. A ebuilding assessment tool was needed as well

A ChinooKTechnical Team (CTC) was appointed under the PST. Thiscieants to the PS@&nd
includestribal andagency representatives fromaska Bitish Columbia Washingtonand
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Oregon Responsibilities includerpdudion of extensiveyearly reports orChinookcatches and
escapementsgoded wire tag (CWT)exploitation rate analysis (AR and PSChinookModel
calibrations.Other analyses and reportse also prepareat the request oPSC
CommissionersThe Analytical Work Group (AW@)pubgroup of the CT@roduces annual
ERAeports and conducts thBSCGChinookModel calibratiors and projections of abundance

The PSChinookModel is a cohort analysis model used for assessmentfifdteersion was
developed in 1983 with one stock. The model was transferred to BASIC computer code in 1984
and was subsequently ported into newer versions of BASIC code over the years, including the
most recent Visual Basic version. In 1985, it was exgaio five stocks and ten fisheries, and
those numbers have periodically increased over the years. In 2010, the model was expanded to
include 30 stocks and 25 fisheri€urrentplans are to expand the PSC model to 40 stocks and

48 fisheriesn the future Initially, the model was used fovaluation of management strategies
(catch ceilings, harvest ratestc.) as the lasisfor a 15-year reliilding program. Since 1999, the
model has been used as a management tool by providing forecaSisimbokabundane for

the three AABMSs, as described in the Introduction.

4.2 PacificSalmon Gommission'sChinookModel

John Carlile (ADFG) and Antonio Vdispino (CDFO) described the E&@ookmodel in
greater detail. The model issterministicwith annual time periodsAll fisheries act on a single
pool of fish(no explicit migratioroccurs among fisheri¢sDataare incorporatedrom CWF
based cohort analysesas arehistorical dateon catchandterminal run/escapement
Abundanceis scaledo exploitation ratedrom a base period (1979982).

The model assumes that the®an distributiors of individual stocksre the same athose
experienced during the model base perjoe.,static. Hatchery indicator stocks atesated as
surrogates for wild stocks in themme geographic area with similar life histories (i.e., age
structure, maturatiorrate, ocean distribution)All stocks of a given age have the same size
distribution in a given fishery

The Pacific Salmon Treaty dictates that manageme@thafiookfisheriesin the three AABM
areasis tied topre-season estimates @bundance indiceproducedby the PSCChinookmodel,
so there has been a reluctance to modify or replacat thodel

Inputs to the PSC model come from 11 input files that inchaseperiod CWdata, fishery
catch data Chinooknon-retention datg past escapement and/or terminal run datarminal
run/escapement forecastgishery policy EB-exploitationrate scalarsmaturation rate and
adultequivalent datahatchery enhancement datgpawnerrecruit parameterschangesn

proportion of fishnot vulnerableto fishing geafPNV}, andinter-dam loss factors

Calculations include twealibrations followed by a projection run generate abundance
forecasts for the three AABMA CWT Recovery Program summarizes {pased CWT data by
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stock. A Base Calibration Program consisting of a backward cohort analysis computes base
period exploitation rates, initial cohort abundances, and spawneeruit parameters. The PSC
Chinookmodel then runs a forward cohort analysis that fits to cagshescapement, terminal
runs, agency forecasts, and other data.

Exploitationrate scalars (FP) account for changes in time and area openings and changes in size
limits that have occurredfter the baseperiod, 19791982 Between 1986 and 1998, 17 of the

25 PSC fisheries had catch ceilings. The RT scalar is usedynthekModel to adjust the

legal catch to match the observed catch under ceiling management. Stag®g1 calibration
estimatesthe RTscalars for ceiling fisheries in order to reproduce the observed ceiling catches.
Stage2 calibration fine tunsthe EV scalaestimates that adjust the bageeriod smoltto-age 1
survival rates such that the observed escapements and terminal runs amedweged bythe

model. The projection run then produces the pseason estimates afohortabundance indices

for each AABM

The model calculatethe terminal runs (cohorsizeminusocean harvest), escapement
(terminal runminusterminal harvest), and agecbhorts for the next yearffom escapement

fed into aspawnerrecruit function).A starting cohort sizés suppliedor the first year only,
along withaverage natural mortality rates, average bamriod harvest rates, average maturity
rates andaveragespawnerrecruit parametersinputs also includebserved catches,
escapements, and terminal ranThe model loopthrough all years in the databasgarting in
1979, estimating the cohort abundances to the current year

EV factors scale the number refcruits produced by the stoespecific spawnerecruit
parameters to match supplied escapement/terminal run valleé factors are stoeland
brood-year sgcific, scabundance bygeis used in the modeAgecompositiors areeither fed
into the model fran observed data ogeneratedbased on maturity rates from the base period,
19791982 Stage? calibration generates the EVs that are to be used forltgearahead
projection run which produces the forecasts of abundaneE¥sor different stocksare
interrelated (i.e., each iteratioof the calibrationwill potentiallychange the EVs for all stocks
and brood years)f the spawnesrecruit parameters are appropriate for a stodkenthe EVs
can be thought of as survival scalars. If they are not apprptiaen the EVs can be thought of
as survival scalars combined wadther factorsthat are assumed constant in the model libat

in fact vary in nature.

Agency forecastfor specific stockare used as inputs to the PSC model's calculation of annual
abundance indices for the three AABMs prior to the next fishing seds$mse stoclspecific
agency 6recastshavegenerallypeenused inannualcalibratiors of thePSC madel without
beingscrutnized by the CT.®odel inputs for the 2016 forecasts include 28 staglecific sets

of time series data, 9 for escapement and 19 for terminal Alhnput time series include
observed (actudldata starting in 19790f the 28 stocks' input time seri€&? nclude agency
derived forecasts of abundance for that stock, 16 include historicataggosition data, but
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only 12 stocks have aggpecific forecasts of abundano&gency forecastare prepared using
the wide range of methodas described lateModel stocks range from individual stocks
(Nooksack Springs) to large aggregates of many stocks (FraserAgggigpates arasually
mixturesof natural spawning stocksnd hatchery stocksForecast@re needed in Marctby the
PSC modelemshen data fromthe previous year may not be availaltlecause of delays in
processing codewvire tags,but regardlessstockspecificforecastsare produced

ThePSCChinookmodelgeneratesstockspecificforecass of the terminal run(or escapement
depending on theteck) regardless of whether an agency forecast is providfgtdere no
agency forecads availablethe PSGnodels forecastis produced usingecent averagesf EV,
along with many other assumptionshe model calibrates (fits) to the total brogear terminal
run/escapementbut uncertaintiesexistin estimaes ofage composition (maturation raje
exploitation rate, etc.especially irstocks for which only total abundan¢eo age structure
data)is providedas inputto the PSC rodel.

Effects of stock fiecasts on AABM fishery Als are relatedhe proportion oftotal abundance

in a giverAABM areahat eachstock representswith major contributors haing more
influenceon the Al Such effects also depend dmetmagnitude of differencgin pre-fishery
cohort sizemmong stocks, which are in turn affectedthe PSCr 2 R StodspecificEVs
produced with and without agency forecast dafecuracy (and age composition) of agency
forecasts forall stockshave an effect on Als, in part through theafluence on estimates of
recent EVs. Interactions with other input data and assumptions (e.g., FPs, maturation rates,
etc.) also have an effect on Als.

Outputs from the PSC model includg ¢atches by fishery, stocknd age (2) hcidental
mortalities by fishery, stogkand age (3) fsheryspecific stock composition estimatdg)
exploitation rates by fishery, stocknd age (5) £rminal runs/escapements by stock and age
(original intent of the mode])and (6) aundanceindices(Als)for the Southest Alaska,
Northern British Columbjaand West Coast of Vancouver Isla®dBMgcurrent focus of the
model) Theareaspecificabundance indexAl,is calculatedasaratio -- the model's forecasted
catch in each fisherfassumingl97982 baseperiod expbitation rates and currenyear
abundance}divided by the catch under bageeriod exploitation rates and baggeriod
abundances.

The pe-2013PSC mdelappliedlongterm average maturation ratet® recent incomplete
broodswhen calculating Als. Howevétrwas dscovered that a number of stockgere
maturing at younger ageban in the past (CTC 204)6 Suchyounger fish areén realityless
vulnerableto fishing geathan older fish butthe modelwasassuminganunchanged, more
vulnerable historicablder-aged structure. Hence, becaug@s are calculatetbr vulnerable
cohorts,the PSC model's estimatetbundancewvas too high for affected stocks. kK was
implemented inthe 2013 model calibratiotby repladgnglongterm average maturation rates
with the recent S5yearaverageIn 2016,the average maturation ratéhat had been applied to
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incomplete cohorts was rexamined agaimandit was found that theecent9-year average
performed better thanthe 5-year average

This2013 change iassumedmaturationrates coincided with an entb the chronic over
prediction of thepre-seasonAls but it isstill too early to determinavhetherthe source of that
biashas been removedn 2013and 2015,pre-season forecasts of Alsderestimatel post-
season Al allthree AABMsand incontrast,2012 and2014 preseason forecasts of Als were
too high Figurel).

Causes of the recentlarge discrepancies between the pendpostseason Als are unclear. It is
unknown fow much is due to inaccurate terminal run/escapement forecasts provided by the
agenciesas opposed to other sources. As a result of these questian€TTC consensus was
reached on 2015 or 2016 Model calibratianmstead, decisions were settled by the
Commission. These concerns led to establishment of this rgmieeess

There is another key point about the deviatidmstween pre andpost-season Als in Figure 1. A
previous CTC analysis investigated the astonietween annual discrepanci@s agencies'
forecasts and the PSC model's deviations betweengnd postseason estimates in the Als for
the AABMs (CTC 2014). The combined error of stocks with the largest contributions (> 5%) to
AABMspecific Als is highpositively correlated with errors in PSC model's forecasts of Als in
the SEAK, NBC, and WCVI AABMs (7, 0.6, and 0.55, respectively) (p. 126 of CTC 2014). Of
course, this is just a correlation and does not necessarily reflect a causal refapibatween
agency and PSC modetecastingdiscrepanciesAnother possible reasdor the high
correlation(not mentioned by the CT®) that both types of forecastg methods daot

properly represent changes in key factors such asmarying maturation rges, marine

survival rates, or exploitation rates, thereby producing similar errors in particular years.

Some support for théatter interpretationis provided by thénigh positive correlation across

the three AABM areas in their annual deviations betwpesand postseason abundance
estimates starting in 201ZFigure 1). The stock composition differs considerablpsshe

three AABMsso it is unlikely that errors in stodpecific forecasts would explain thaodsitive
correlation in Al discrepanciesross AABM# morelikely explanation is that there have been
major changes itarge-spatiatscalefactors such as maturation ratéahich reflect growth
rates)or marine survival rates thateither the regional forecasting modeter the PSC Chinook
model have fully accounted forfThe implication is that both of these types of models should be
improved by explicitly estimating and using these tiwaying parameters their forecasting

The presenters at the Portland workshop identified saatternatives to the PSChinook

model. A model using continuous catch equations was proposed in 2004 by Gary Morishima
and DinrGeng Chen, funded by the US LOA (Letter of Agreement). This model could potentially
better account for interactions between fisheries, makenporal stratification of fisheries

easier, and provide more information on the variability of stock distributions. Howexeer,
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were toldthat the disadvantagef this modelis that estimates of effort would be needed for
each fishery, anthat those esimates are not readily available for some fisheries. Another
alternative model is a cateht-age model proposed in 2004 by Rishi Sharma and Henry Yuen,
but it was never followed up.
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Figurel. Deviationsbetweenpre- and postseasonChinookSalmonabundanceindices ([pre-season
forecast- post-seasory post-season*100, derived from the PSC modfr the three AABM
fisheries(CTC 2018. A positive deviationmeans thepre-season forecast was too high
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A Data Generation Model (DGM) is currently being developed that will allow sample datasets to
be generated, which will allow for comparison of output statistics from diffefergcasting
models against known parameters (cohort sizes, exploitation rates, e

4.3 West Coast Vancouver Island Forecast

Diana Dobson (CDFO) reported that the WCVI terminal run forecast in€nitesokfrom
three major hatcherieand 18 index stocks, many of which are enhancBais terminal index
likely accounts fogreater than95% ofannualWCVIChinookproduction which averageabout
150,000fish (range 40000to 300,000 (Figure2). The aerage terminal age compositios30%
age 3s50%age 4, and 20% ge 5. Substantial harvest of WQMinookoccurs in AABM
fisheries of Southeast Alaska and Northern British Colanas well as in terminal fisheries of
WCVI Figure3).

The forecashg methodfor WCVI is a complex, mufiiage process. It begins wilinear

"siblind' regression mdels (abundances are on the arithmetic scale, not loggedredict the
production(abundancepf older age classes from the observed production of younger age
classes from the same brogear. Regressions are developed for CM¥3sociated production
from the Robertson Creeldatchery (RCH) Indicator Stock, which is teepandedo the entire
Somass/RCH systeithe terminal return of Somass/RCH is then predicted after applying
assumptionsbout pre-terminal fishing mortality, stock composition in prerminal fisheries,
and maturation ratesThe forecast terminal return of Somass/RCH is then expanded for the
WCVI index systems.

More specifically,dr the Robertson Creek Hatchery (RCH) CWT Indicator Stock, simple linear
siblingregressions are developed fropnoduction data generatefly a cohort analysis, whicls
based onts own assumed natural morality and maturation rat@svo sibling regressions are
computed, as described in more detail in section 7. Model Prod2tosggerminal returnat a
younger age class (independent variable) to predict the dependent variable, total production
(the surviving cohort in the ocean, i.e., ocean fishing mortality plus terminal run) of a
subsequent age or ages from the same brood year. In contrast, MRvddB uses estimated

total production(total fishing mortality plus escapemerdj a younger age class(¢e)predict

total production of subsequent ages from the same brood year (again, the surviving cohort in
the ocean). The forecast for the CVa3socised production for Robertson Creek Hatchery is
then expandedor the entire Somass/RCH system based on ratios of earlier returns from the
brood year After the Somass/RCH production for each brood year is foresaiste

assumptions are then applied to pretithe terminal run size of Somas€&JRChinook Those
assumptions include an assumed fteeminal fishing mortality, préerminal fishery stock
composition, and maturity rate. The latter two are generated by the cohort analysis.
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Preterminal fishery mortality needs to be predicted for each age class/brood yéare is
some uncertainty as to the correct assumption WCVI forecasts to be used f8EGnodel
calibration purposeds it the preterminal fishery mortality that was exerted during the base
period, oris it the expected preerminal fishery mortality given current fishing regimda?
recent years, both options have been presentalthough te latter has beemised aghe input
of WCVI terminal ruto the PSC modébr its calibration.

The Somass/RCH terminal forecast was expanded for the WCVI indexvatbcksimilar

methodto that usedfor the expansion from RCH CWT productiorsbmass/RH total

production.In recent years, the Somass/RCH terminal forecast has also been expanded for the
WCVI index stocks by adding terminal forecasts that are generated separately for Conuma
hatcheryand Nitinathatchery returns and the 18 other index stesctombinedThe forecasts
generated for tlose other stocks use information from the RCH CWT cohort analysjs (i.e.
estimated broodyear survival rate) and similar pterminal fishery assumptions, but are

modified with stockspecific production and age dat

All years of RCH CWT cohort data incorporated in the sibling regressions that form the basis
of the WCVI forecasbfood yearl983and onward. Similarly, the WCVI terminal run index has
been reconstructed from return year 19@@ward All data arencorporated into the forecast
and analysisThe more challenging issues relate to the varying quality of available assessment
data across WCVI systenihere is agneral paucity of data for WCVI stocks other than the
RCH CWT indicatetockand, in someNCVI aeas, few sample data from fisheries. There are
low recovery rates foage2 fish from which age of the same brood are estimated, and there
is a khown bias in CWiecovery datavhere individual stocks do not comprise a substantial
percentage of theeatch A keyassumptionfor WCVI forecasting is that the RCH hatchery
indicator stockhassimilarsurvival ratesmaturation rates, spatial distribution, anaxploitation
patternto those of wild WCVI stocks.

In recent yearsdrecasts of WC\érminal runabundance haveonsistently underestimat
actual values calculateafter thefishing season by the P8BGinookmodel(see section 7).
Suggestions for improvement in forecastsigna Dobsomcluded:

1 Resolve what input is required for calibration purpes build a common understanding

1 Successioranddocumentation requirement for the process in genezal
misunderstanding or miscommunication of objectives and/or structural modifications
could be a source of error.

9 Age 3 forecast a clear structural isg) also an input problem (age 2 djtand also likely

related to changing maturation raeO2 dzft R SELJX 2 N8B Wi S RAYy 3 AYRA

method for Age 3 forecasting.

1 Input datg not all availableinformation is being usee.g.,available markdata and
technology such as DNA, otolith marks, gtc.
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1 Incorporation of uncertainty, not justadding uncertainties toeports of input forecasts,
but incorporatng theminto the entire management and assessment framework for
Chinook

1 Simplification of theassessment and management framewaqr&urrently data intensive,
assumption laden, anstaff-limited.

1 Separation of hatchery from wild abundance in the Als.

4.4 Columbia River Upriver Bright Forecast

Jeff Whisler (ODFW) and Steve Haeseker (USFWS) reportedastatpriver bright (URB) fall
Chinook Salmoare naturallyproduced and destined for the Hanford Reach area of the
Columbia RiverfThis stock also returns to thHeriest Rapids Hatchery, areas upstream of Priest
Rapids Dam, the Snake Rivie DeschuteRiver,andthe YakimaRver. During 1982015, the
mean return to the Columbia Riveras246,300 Although there is yeato-year variability, on
average 25%f fishreturn at age2, 20%at age3, 37%at age4, 17%at age5, and 1%at age6
(JeffWhisler, ODFW, personal communication).

CTC reports of the P&binookmodel outputs estimate the spatial distribution of harvest of
this stock. Substantial harvest occurs in the AABM fisheries of Southeast Alaska and Northern
British Columbia, as well as termirfisheries of the Columbia Rivdfigure4).
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Figure4. Distribution of Columbia Upriver BrighthinookSalmon mortalities among fisheries an
escapement, 1992013 (CTC 20b%
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Annual forecasts of Columbia Riwgriver brightfall Chinookreturns are produced bgn

expert panel that includes members from WDFW émelU.S. v. Oregomechnical Advisory
Committee (TAC). The quality of the data on total returns to the Columbia River and the age
composition of those returns ilativelyhigh due to extensive sampling of Columbia River
fisheries and recoveries of codedre tags (CWT).hE primary forecasting methods are
arithmetic-scale sibling regressions and average cohort ratios (e.g., the average ratiodfcage
age4 returnsfrom the samebrood year).Whensibling regressions aexploredwith input

data from different periodsthe r? valueis usedto select the besmodel(Table 1 of WDFW
2016). The approach used to produce forecasts for Columbia Riv&Helbokstocks is a
modified Delphi method(i.e.,open discussioamongthe expertpanel). Output of a suite of
stock andagespecific models is presented to the panel and the merits of each are discussed
beforethe panel comes to consensus.the pastfew years, wha returns have been setting
modernday record highs, the panel has relied on cohattaswhen regression ingts have

been outside the range of the dataset.

In his workshop presentation, Steve Haeseker of the USFWS reported that natural variability in
age composition makes forecastingugfriver brighs difficult, but recent forecasts have been
relatively preciseind unbiased. For 19820015, mean percent error (MPR measure of long

term statistical biagwas-5% and mean absolute percent error (MABEneasure of precision

was 20%HKigure5). However, substantial undeor overestimates (up to about50%) of

forecasted abundance have occurred occasionally since 2001.

Figure6 provides an example @ sibling relation shoimg (1) the typical very larg85%
prediction interva) which illustrates the wide range across which &@bundances are likely to
occur (witha probability of 95%) for a given ageabundance from the same brogakar

cohort, and (2) the effect of betweepear changes in maturity rate and/or survival ratBeth
issues create large challenges forecasting
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Figureb5. For return years 180-2015, postseason estimates of abundance (thousands, black dots)
and pre-season forecasts (yellow squarg#pp panel) andpercent error ([forecastg
actuall/ actual) *100, between the preseason forecasts and poseason abundance
estimates forColumbia River moutheturns of Columbia Upriver BrightChinook Salmon
(Steve Haeseker, workshop presentatioRpsitive errors mean the forecast was higher than
the actual return.
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Figure6. Example ofa sibling relationship for Columbia River upriver brig@hinookabundarces (in
thousands) brood years1962-2012 showing the 95%redictioninterval (Steve Haeseker,
workshop presentation). Years with extremely higlge-2 abundancesaveyellow dots
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4.5 Colunbia River Spring Creek Hatchery Forecast

Steve Haeseker (USFWS) reported that this stock is produced blyShé&ish and Wildlife

{ SNBAOSQA {LINAYy3 /NBS] blraAazyltft CAaK | I §OKSNE
The hatchery currently producel10.5 million sulyearling (oceastype) tule fall Chinook

Salmonannually. Tule fallChinook Salmoare native to this part of the Columbia River and

originally spawned in the White Salmon River one mile east of the hatchery. During2@280

the meanreturn of Spring Creek tule fallhinookto the Columbia Rivemwas 65,700Although

there is yeaito-year variability, on average 8% return at é2j60% at ag8, 30% at agd, and

2% at ageb (JeffWhisler, ODFW, personal communication).

CTC reports of PEIhinookmodel outputs estimate that substantial harvest of this stock occurs
in the West Coast Vancouver Island AABM fishery and in ISBM fisheries of the
Washington/Oregon Coast to the Columbia Riveglre?).

Escapement SEAK
36%

Other Canada
1%

WA/OR Coast
16%

ColumbiaR
36%

Figure7. Distribution of Columbia River Spring Creek Hatch€hinookSalmon mortalities among
fisheries and escapement, 199913 (CTC 20b%.

Annual forecastsfoColumbia Rive®pring Creek Hatchery fall Chinaekurns are produced by
an expert panel that includes members from WDFW #n&U.S. v. Oregon Technical Advisory
Committee (TAC). The quality of the data on total returns to the Columbia River andethe ag
composition of those returns relativelyhigh due to extensive sampling of Columbia River
fisheries and recoveries of codedre tags (CWT). The forecasting methéalsthe Spring

Creek Hatchery fall Chinoake identical to those reported above for @onbia River upriver
bright fall Chinook.

In his workshop presentation, Steve Haeseker of the USFWS reported that natural variability in
age composition makes forecasting of this stock diffjdt recent forecasts have been
relatively precise and untsad. For 198@015, mean percent errdMPE)was 8% and mean
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absolute percent erro(MAPEWwas 31%Kigure8). Considerable undeor overestimates (up
to about+60%) of forecastedbundance have frequently occurred since the 1890s-- more
frequently than with the upriver brights described alBowverestimates of abundance were
commonly forecasted from 2068011, but 2013 was a substantial underestimate.
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Figure8. For return years 1992015, postseason estimates of abundance (thousands, black dots)
and pre-season foreasts (yellow squareg}fop panel) andpercent error ([forecastc
actual]/ actual) *100, between the preseason forecasts and poseason abundance
estimates forColumbia River moutheturns of Columbia River Spring Creek Hatchery
Chinook SalmofSteve Heseker, workshop presentationPositive errors mean the forecast
was higher than the actual return.
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A major contributor to the frequent large forecasting errors for this stock over the last 20+

years idikelythe large betweeryearand decadakcalechanges irage compositior{Figure9).
Precision of these forecasts (based largely on sibling relations and cohort ratios) will necessarily
be reduced when there arguch large changes in proportions of age 4s and 5s between years,
whichcreatelarge prediction interval.
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Figure9. Proportions(Y axis)f different age classes of Columbia River Spring Creek Hatchery
Chinook Salmometurning to the Columbia River for broogears 1%2-2010 (Steve
Haeseker, workshop presentation)
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4.6 Columbia River Summer Run Forecast

Stuart ElliCRITFGeported that the Upper Columbia River summer stock includes a mix of
hatchery and wild fish produced in areas upstream of Priest Rapids Dam and the Yakima River.
The recent 16§/ear average return of this stock to the Columbia River is approximatel9d1,0
(range 37,000 to 127,000pn average 13% return at a@e 46% at agd, 38% at ag®, and 3%

at age6 (Jeff\Whisler, ODFW, personal communication).

CTC reports of the P&Dbinookmodel outputs estimate that substantial harvest of this stock
occurs inAABMs and ISBMs from Southeast Alaska to the Columbia Rigerel0).

16.0%

Escapement
40.6%

Other Canada
0.9%

WA/OR Coast

8.3%
ColumbiaR

18.8%

Figurel0. Distribution of Columbia River summeChinook Salmomortalities among fisheries and
escapement, 1992013 (CTC 20bh

Annual forecasts of Columbia Risemmer Chinooketurns are produced bthe U.S. v.

Oregon Technical Advisory Committee (TAC). The quality of the data on total returns to the
Columbia Rer and the agecomposition of those returns ilativelyhigh due to extensive
sampling of Columbia River fisheries and recoveries of cededtags (CWT). The primary
forecasting methods are arithmetgcale sibling regressions and average cohort rdgas, the
average ratio of ag8 to age4 returnsfrom the samebrood year).The TAC typically provides
point-estimate forecasts based dhe agespecific besperforming year ranges of input data
identified by consensus.

In his workshop presentationfuirt Ellis of CRITFC reported that natural variability in age
composition makes forecasting of this stock difficult, but recent forecasts have been relatively
precise and unbiased. For 20@615, mean percent errdiMPE)was 5% and mean absolute
percent eror (MAPEWwas 24%Kigurell). The run was forecast too high from 202012 but

too low in 2014 and especially 2015.
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Figurell. For retun years20052015, postseason estimates of abundance (thousands, black dots)
and pre-season forecasts (yellow square@dp panel) andpercent error ([forecastg
actual]/ actual) *100, between the preseason forecasts and poseason abundance
estimatesfor Columbia River moutheturnsof Upper Columbia summe€hinook Salmon
(Stuart Ellis, workshop presentationfPositive errors mean the forecast was higher than the
actual return.
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4.7 Northern Oregon Coast Fall Forecast

Ethan ClemongODFW reported thatii KS b 2 NIl KSNY h NB 32 ¢nafgeejafeéi o0 b h/

of populations returning to small rivers including the Siuslaw, Alsea, Yaquina, Siletz, Salmon,
Nestucca, Tillamook and Nehalem. Towat aggregateeturn hasvaried from about 40,000
(1970s, 2008)aover 170,00q1988, early 2000sAge at maturity is typically 3 to 6 years with

a small component of-ear olds.

CTC reports of the P&Dbinookmodel outputs estimate that substantial harvest of this stock
occurs in AABM fisheries of Southeast AlasiéMorthern British Columbia as well as terminal
fisheries of the Oregon coagtigurel?).

AABM NBC

ISBM-Ocean
3%

Terminal sport
25%

Figurel2. Distribution of North Oregon Coa&thnook Salmon mortalities among fisheries and
escapement, 1992014 (CTC 20b5Ethan Clemons ODFW unpublishedajat

The2008PSTrenegotiationhighlighted data limitation$or stock forecastindor the NOC
aggregate Forecasts at that time were based oB3-gear average of escapemer@pawner

index surveys were being conducted, but age sampling was limited and scales were not read in
time for use in forecasting. Argcipitous decline in escapement from 262010 drew

additional management attention to NGThinookby ODFW, which led a change irmgency
priorities and rapidurnaround of scale dgg data starting in 2008. This allowed forecasting of
annual returns based onlging regressioa Forecasting methods haveeen refined gice 2008
basedorS| OK &SI NRa T2 Sé&ed difierent3fbidgFegrasdion sel&iSnehips
have beerconsidered and ro singlemethod has been consistently applied to all stocks in all
years.In 2016 ForecastRnoduleswere used They allowedlevelopmentof ARIMA models for
some stocksn time for use for forecasting input to thBSGnodel.

Forecass are forescapemenbnly, not pre-oceanfishing abundance aerminal returrs.
Current models assuathat all fisheries are goingthave the same proportional impact as
they have had during thgearsthat wereused to generate thsiblingrelationshipsand time
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series models. It is currently not practicalfarecast thevaryingimpact ofAABM or terminal
fisheriesin ausable timeframe.

Annual escapement is estimated based on spawning ground surveys. Forecasts are generated
for each of seven populations and then aggregated into the NOC stquin&ionsare made

for unsurveyed areasssuning a static relationship between surveyedreams and unsurveyed
streams/basins (expansion by 17%aturation rates andyearto-year survivaftates are

assumed tde static Age-specific sampling @ssumed to be upiased (or corre@d for known
biases).

In his workshop presentationtian Clemasof ODFWYeported that recent forecasts have
been relatively precise and unbiasdeiurel3). However, funding reductions have
substantially reduced spawning gradisurvey effort in recent years, so the current quality of
stock assessment will not be sustained.

NOC total spawning escapement
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Figurel3. Spawning escapement and forecast/actuascapementata for Northern OregorCoast
Chinook SalmoitEthan ClemonsQDRV, workshop presentation).

36



5 /hb/ 9t €Qv! 4§92 hahw ¢ I1b9R hwy
¢CKS tlyStf O2yRdzOGSR Ada NB@GASH GKNRdIzZAK (GKS
sources of uncertainty in forecasting methodlsicertaintyis manifestedn both accuracy and
precision of forecasts. Here "accuracy" is a measure of how close an estimated value is to the
"true” value. If repeated estimates over time are consistently too low or too high, they are

statistically biased, or inaccurate. "Precision" describes howasimilltiple estimates are to
each other, regardless of their bias.

If everything were known perfectly, then there would be no forecasting errors, but of course,
that is impossible. Scientists have an incomplete understanding of the dynamics of salmonid
population dynamics, ecosystems, and fishiygpamics The resulting uncertainties are
reflected in assumptions and hypotheses embedded in the statistical models of regional
forecasting agencies and the PSC'€hinookmodel. These uncertainties can be gregpnto

four categories, ) unclearmanagement objectiveg?) structural uncertainty, (3) uncertainty

in parametersand (4) outcome uncertaintyWVe define these categories here and give
examples of each isections 6, 7, and,&long with recommendatianfor how to deal with

them.

5.1 UnclearManagementObjectives

Quantitative fisheries analysts know that in order for their analyses to be directly useful to
fisheries managers, the calculated indicators of fish stocks and fisheries should fit into clearly
articulated management objectives. To choose an extréy@otheticalexample, if managers
were most concerned about the chance of low salmon abundance occurring during the next 5
years, then it would be inappropriate for modelers to merely show the-@ng average
abundance expected over that period. Instead, given thahagement objective, analysts
shouldcalculate indicators of frequency and magnitude of abundances below the managers'
undesirable level.

This point seems obvious, but it is surprising ladten the uncertainty caused by the lack of
clearly stated operational management objectives leads to inappropriate scientific advice
and/or confusion on the part of scientists and managers. Participants at the Portland workshop
expressed this need foredr management objectives, both for stesgecific forecasts made by
agency scientists and for forecasts of abundance in AABMs made by PSC modelers. Only with
such clarity will forecasting models produce output that directly meets the needs of decision
makers.

5.2 StructuralUncertainty

Structural uncertaintyefers to the lack of certainty about which equations in a model are
correct (i.e., reflect reality). If only one form of an equation in a forecasting model is used to
represent a given process (for examph linear insteadf nonlinearsibling relation), then
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implicitly the analyst is saying that the probability is 1.0 that the underlying natural process is
linear and that theprobabilityis zero that any other shape of function exists. Similarly, the
assumption in the PSC model th&hinookstocks have the same oceanic spatial distribution
now that they had during the 1978982 base period implies that there is zero probability that
the distribution has changed. Unfortunately, we may be wrong about these assumptions
because we have incompkknowledge of the real world. If those assumptions are indeed
wrong, then the single point estimates of forecastCiinookabundance are also likely to be
wrong. Such point estimategould thereforenot reflect the structural uncertainty in forecasts.

5.3 Parametric Uncertainty

Uncertainty in model parameters refers to the lack of certainty about quantitative values such
as natural mortality rate between ages, maturation rates, exploitation rassyell as

parameters of spawnerecruit models, sibling rationships,or other equations. Such

parameters are estimated through various means, but those estimates are likely to differ from
the true underlying values because of natural variability in processes that are not fully
described by the equation (e.gpawnerrecruit model) and/or observation error istock
composition,abundance of spawnerand catches. Such errors in parameter values in agency
and PSC models will lead to errors in forecasts of abundance. The magnitude of forecasting
errors will dependn which parameters are wrong in which equations.

5.4 OutcomeUncertainty

Outcome uncertainty is a broad term referring to the deviation between some management
target and the actual realized outcome (Holt and Peterman 2006). For instance, it refers to the
difference between a maximum allowable catch (e.g., 150,000 fish) and the actual catch (e.qg.,
200,000), or between a target harvest rate of 40% and the actual outcome of 30%, or between
an escapement goal of 50,000 and actual escapement of 40,000. Suchaesvéan arise from

at least five sourcesi1jthe vulnerability of fish to fishing gear (catchability) differed from the
expected level because of unexpected changes sublodg sizedepth, or horizontal location

of the fish, (2) norcompliance by fising vessels with regulations (sometimes referred to as
imperfect control, implementation uncertainty, or implementation error), (3) errors in forecasts
of abundance, (4) errors in peseason estimates of abundance or catch, and (5) management
regulationsthat were not the correct ones to meet the objectives, even without the problems

of sourceq1) and (2). Outcome uncertainty is relevant to agency as well as PSC model forecasts
of Chinookabundance because both make pgeason assumptions about exploitatirates in
AABM fisheries that won't occur until after the forecasts are made.

5.5 Implications andPerspective

These four sources of uncertainty provided a useful way for the Panel to organize its review and
to develop recommendation&xplicitly definingtie typesof forecast uncertainties will pave
the way for both identifying measures to reduce them and accurately réfigttem in
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forecastestimates.The Panel recognizes that regional agency forecasters, as well as CTC
modelers (the Analytical Working@ip, or AWG), are very experienced quantitative scientists
who arealready very welbware of these types of uncertainty. Neverthelessnsideration of

these uncertaintiesre not always clearly articulated their annual reportsFor instance
regionalagencies produce annusiockspecific pointestimateforecaststhat omit

uncertainties, and these are sent to the CTC modelers for input to the PSC model. Similarly, the
deterministic PSC model produgesint estimates oforecastfor use in Table 1 a€hapter 3 of

the Treaty.

The Panel recognizes that forecasting abundances of North Pacific salmon populations is
difficult, even with the best of data sets and methods, sob&gin by placinghe forecasts of
Chinook Salmomto a broader contextTo our knowledge, no synthesis has been conducted

that quantitatively comparesmanagementgencieshistoricalpre-season forecasts with actual
returnsacross all major Pacific salmon species, stocks, and areas. However, an almost equally
informative analgis was reported by Haeseker et al. (2008), who compared actual returns
across decades with forecasts that would have been made in each historical year if those
forecasts had been based on the best of 11 statistical forecasting models for each chum salmon
stockand eachsockeye salmon stockVe see no inherent reason wiGhinookSalmon

forecasting should be any better or worse than that for sockeye salmon, which shares with
Chinookthe tendency to mature at 3 or more ages. Chum sal@enalso relevantbut most

often chum stocks only have two ages at maturity.

The best or topranked model based on MPE (letegm statistical bias) varied considerably
amongchum and sockeye salmatocks, ranging from sibling models to naive averages of

recent returns, as itlid for MAPE (precision ébrecasts) (Haeseker et al. 2008he topranked
model for each stocroduced an average MPE of 19% across 40 chum salmon stocks and 27%
across 37 sockeye salmon sto@{aeseker et al. 2008 and spreadsheat). MPE of zero ihe

most desirable value, representing no statistical bias.

The frequency distributionsf these stockspecific MPE values for chum salmon and sockeye
salmon show that the MPE values for all three Columbia River stocks plus the Northern Oregon
Coastal stok are at the low end of the range of MPE values observed in chum and sockeye
salmon(Figurel4). Given this perspective, the forecasts for these four stocks are deatig

but there is still some possibility of improvememt.contrast, vith an MPE 0$26.9%, the WCVI
forecasts fell below the range observed for either chum or sockeye, and below all four other
Chinookstocks examined her€learly some substantiahprovement is needeétro WCVI

On a related pointwenote that the CTC's expectation of MPEHB{5% for forecasts of

terminal runs or escapements (CTC 2016b) beatoo stringentThe Panelearned that the
CTQGlsosets minimum dataguality standardg$or escapements and catches, which in principle
isfine, butover-emphasis on those standards may be plasedgiven the large number of
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other sources of uncertaintiedescribed in this reporthat are nottaken into accountn either
the agencies' forecaisig modelsor the PSC model.

For the measure of forecasting precision, MAIRE top-ranked model for each stogkoduced

an awerage MAPE of 58% across 40 chum salmon stocks and 66% across 37 sioka@ye
stocks(Tablel) (Haeseker et al. 2008 and spreadshe@t)e frequency distributions of these
stockspecific MAE values for chum salmon and sockeye salmon show that the MAPE values
for all three Columbia River stocks plus the Northern Oregon Coastal stoaktaeelow end of
the ranges observed in those other two spediegurel5), which again reflects good
performance for those models, but with some room for further improvemdinie MAPE of

42% for the WCVI forecast is higher than the other fdhmookstocks examined herbutis

still well within the range of MAPE values for chum and sockeye salmon.

Tablel. Mean percent error (MPHias) and mean absolute percent error (MAPE, precision) for
forecasts produced by regional agencies fhe five Chnook Salmorstocks considered in
this review Also shown areaverage MPE and average MAPE values for the belstsgst to
zerg) stockspecific model for each of 40 chum salmon stocks and 37 sockeye salmon stocks
(Haeseker et al. 2008pata covereturn years 19992015 for the five Chinook Salmon
stocksand from as far back as 1974 through 1999 return years for the chum salmon and
sockeye salmon stoclklean percenterror was calculated by{(forecastactual post-
season/actual postseason] timesl00.

Stock Mean Percent Mean Absolute
Error (MPE) Percent Error (MAPE)

West Coast Vancouver Isla@thinook -26.9% 42.1%
Columbia River Summeéhinook 9.7% 22.2%
Columbia River Spring Creek Edllinook 7.6% 31.3%
Columbia River Upriver Brighinook 0.9% 25.1%
Northern Oregon Coastal Falhinook 8.4% 31.3%
Best stockspecific model for each of 40 chum 19% 58%
salmon stocks (Haeseker et al. 2008) (median 12%) (median 52%)
Best stockspecific model for each of 37 sockeye 27% 66%
salmon stocks (Haeseker et al. 2008) (median 15%) (median 57%)

aData for 19992013 from CTC (2015b, Appendixahd preliminary data for 2014 and 2015 obtained
from John Carlile (ADF&G, personal communication, 9 Sept. 2016)
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Figurel4. Frequency distributions aff a measure of bias of forecastsjean percentage error, MPE,
[(forecastactual postseason)/actual postseason] times 100for the top-ranked model for
each stock across 40 chum salmon st®¢top panel) and 37 sockeyalmon stocks (bottom)

(Haeseker et al. 2008). The percentile range for the filanookstocks examined in this

review are shown by arrows in the top panel. Forecasts that are biased high (overestimates)
have positive MPE values.
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Figurel5. Frequency distributions of a measure of precision of forecasts, mean absolute percentage
error, MAPE, for the toganked model for each stock across 40 chum salmon stocks (top
panel) and 37 sockeye salmon stocks (bottom) (Haeseker et al. 2008). The pércange
for the five Chinookstocks examined in this review are shown by arrows in the top panel.
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The Panel identified several thematic issues that apply to forecasts of abundance of specific
ChinookSalmonstocks as well as the uséthe PSC model. These general issues and
conclusions are important enough to the Treaty process that they warrant emphasis at the start
of this report. More detailed recommendations consistent with these conclusions are faund i
section 7 oragencies' stockpecific forecasts anskection 8 orthe PSC model's forecasts of
abundance in AABM areas.

6.1 Documentationof AgencyForecasting Mthods and Results

Issuel. Current documentation of agency forecastsaabundance that are semtnnually to the
CTQoes not provide sufficient information for PSC modeleidaiatify thelong-term
accuracy and precisiarf those forecasts, let alonencertainty about the current
year's forecast

As noted in Issue 1 above, biologists toe fivestocksthat are included in thi®anelreview,
produce annual forecasts of abundarfoe their own withinregion management advice, as

well as for input tahe PS@hinookmodelfor estimating prefishing ocean abundance indices

in AABMsAgency forecastare produced by a variety of methods, depending on the stocks and
years, as is described in more detail in sections 4 and 7.

While thePSC modelersannotcurrentlyincorporate informatiorabout uncertainties in the
agencies' forecasting methodtrectlyinto their model, theyexpressed the desire toonsider

the accuracy and precision fufrecastsprovidedby the regions whemneviewing data inputs to

the PSGnodel.Pertinent information should include not just the point estimates of forecasts,
but alsodetails ofalternative forecasting models that were considered, the basis for selecting
the final forecasting model, its critical assumptions and uncertainties, itstenmgaccuracy

and precisiordocumentedvia a retrospectivanalysis (defineth section6.4), and ameasure

of uncertaintyaboutthe currentyear's forecast.

ThePortlandworkshop also identified discrepancies betwemimmericalvalues ofcertain
agencyforecasts reported by the CTC and forecasts that were originally submitted to the CTC
by agency stafflt is uncleawhetherthis wasdue to incomplete documentation afpdated

agency forecasts or other issues. Regardless, such errors can be avoided by agency
representatives assuming responsibility for both documenting their ssbions and raewing

CTC reportso ensure thattheir information was applied and reported correctly.

Conclusion AMore comprehensive documentation is needby the CT@om regional
agency forecastersegarding the agencies' methods, critical assumptions
and uncertanties, and accuracy and precision of past stespecific
forecasts. Agencies should also state the uncertainty in each stocks' ann
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forecasted abundance. More frequent4tiepth communication between
PSC modelers and agency staff is also required.

6.2 Requirements for Stock Forecasts as Inputs to the R3tthookModel

Issuell. Efforts by agencies to providerecastsas inputs tahe PSC modake hampered by
an incomplete understanding ¢f) the PSC modelisformationrequirements(2) how
thoseforecasts are used in that model, arg) fiow those uses differ from those of
fishery managers within regions.

Annual forecasts aftockspecificabundance are typically generated by staff in fishery agencies
for terminal runs or escapements to regionahnagement units (e.g., Columbia River, Northern
Oregon Coasbr West Coast Vancouver Islan@ne purpose of agency forecasts is to plan and
configure terminal area fisheries to meet established escapement goals, catch or expleitation
rate limits, and albcation objectives in those local areas. In addition, terminal run
size/escapement forecasts are also sent through the CTC t€R8a@kmodelers who are

tasked with taking those terminal run size/escapement forecadtsaccount and producing
pre-oceanfishery abundance indices (Als) for use in establishing exploitation rates and
corresponding catch limits in the three AABM fisherlassome cases, forecasts fase within
regions for management afomesticfisheriesdiffer from forecastssent to the CT for the PSC
model, and that differencenay bequite appropriate because they are intended to be used for
different purposes.

However, i was apparent at the Portland workshop that communication between PSC
modelers and regionagencyforecasterds often incomplete PSC modelers have specific
requirements for annudborecass, but theyare not formally documented and transmitted to
agencyforecastersAs well, nanyagencyscientistshavea limited understanding of how their
forecastsare being used in ta PSC model.

Potential points of confusiorangefrom relatively simple questions (whether forecastsuld
include or exclude jacks) to more complex issues (assumptions of appropriate marine
exploitation ratedor forecastngterminal returng. The WCVI forecast application in AABM
fisheries was particular concernFor instance tiwas uncleafor the WCVI forecaster arttie
CTGnodeling group as well asn the PSGnodels documentation how Fishery Policy (FP)
adjustments(i.e., scalars tthe exploitation rateshave accounted for the change nmagnitude
and spatial distribution ofishing effort that has occurred since the 197982 base period. As a
result, until recentlyWCVI forecasts haapparentlybeen generated using bageeriod
exploitation rates whichmay have beesubstantially greater than current fishing ratéfsthis
reduction in recent exploitation rates is indeed correct, then it is no surprise Huetet
forecastsof pre-seasorabundance that were based draseperiod expoitation rates have
chronially underestimaed WCVIChinookabundanceln recognition of this problemarting
in 2014, sparate WCVI forecasts weatsogenerated with exploitation rate assumptiotisat
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reflect recent fisheries, and both types of WCMEtasts were sent to the CT& input to the
PSGnodel

Annual written requests from the CTC to agency forecasters should identify whegkacy
forecasts shoulahclude jacks or not, what units/currency to use for terminal runs and
escapementandwhether to use exploitation rates from recent years or the base period.

ConclusiorB. More explicit direction from theChinookTechnical Committee is needed by
agencybasedstock forecasters regardinthe annually requestedforecasts

6.3 Limitations of Existing Stock Assessment Data

Issuelll. Accuracy and precision of stock forecastslimited bythe available stock assessment
data; this is more of a problerior someChinookstocks than others.

At the workshop, the Panel heard several concerns abwitjuality of data for escapements,

age structure, and harvest, as well as how they were being used. These concerns are not new
but are important to highlight iview of the expectations of th@reaty'sabundancebased
management framework anthe correpondinguseof abundance indices produced by tRSC
Chinookmodel. Accurate forecasts of abundance are essential for effectively implementing
abundancebased management. A high potential for measurement erratata fed intothe
stockspecific and PSC mielssubstantially reduces thability to makethose forecasts

accurate Another concern is thateimands for increasing model specifiqigyich as the

ambitious current plan to expand the PSC's model from 25 to 48 fisheries and from 30 to 40
stocks) magasily surpass the quality of the available data.

Finite resources for stock assessment are always a challenge and contribute to substantial
uncertainties associated wittorecasts forseveral stockg-or example, the quality otack
assessments dfiorthem OregonCoastChinookstocks appear to have ba substantially
upgraded in recent years from historical levels. However, current furfdinipose assessments
isexpected todecreasewhich may substantially reduce the accuracy and precision of future
estimates. West Coast Vancouver Isladlinookassessments are similarly hampered by the
need to make significant inferences from very limited data. Atweelunderstands itthe

latter assessmerstcurrently rely on Robertson Creek Hatchery datehicharethen expanded

to represent other WCVI hatcheries and wathckproduction.Uncertaintiesin this WCVI
processare potentially very significant andaylead tosubstantial overor underestimation of
stock statusincluding wild and hatchery abundance.

In addition to specific stock concerns, substantial uncertainty is introduced by systemic
limitations of existing informatiothat are already widelyacknowledged by the CEQd agency
forecasters Chief among these is the assumption that exploitatiat® and marine survival rate
of wild fishare identical to thoselerived from codeewire-tagged hatcherngChinookindicator
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stocks The potential for consistent underestimation of stock contributitmsatchesbased on
a low incidence of CWT observationssbme fisheries must also be acknowledged.

Better data are needed for several stocks to support high expectations for forecast accuracy
and precision. Conversely, expectationght need tobe scaledlownto reflectexisting
uncertainties.

ConclusiorC Substantial improvements in basic assessments of s@heookstocks are
needed to support current PSC model and management applications
otherwise expectations need to be rescalédducedto recognize existing
data limitations. Further expansion of the RSmodel's number of stocks an
fishing areas may need to be postponed until the quality of relevant data
deemed suitable.

6.4 Ddiinitions andBestPractices for Agency Stock Assessment and Forecasting

IssuelV There is substantialifferences amongegional agencies in how stock forecasts are
produced and described.

Stock forecasting methods are tailored to the specifics of the information, past practices, and
expetienceof forecasters in each regioRorecastsely heavily on sibling relationshipsid

average ratios of successive ages in successive, yaatrsl agenciesave exploredrarious
yearsof datasetsfor estimating parameterdt would be counterproductive to try to impose a
single standard dfiorecastingpractices across regions, busat of standard definitions and

best practices could be a helpful referencentrove the statistical foundation of methods for
stock forecashg by agenciesMany decades of experience by fisheries scientists has led to a
set of common practices in figtock assessment that have proven to be effective.

A few examplesf definition and practices identified by the Pamatlude:

Resolutionof forecags: Annual ageand sexspecific estimates of total escapement should be
available. Point estimates shout@ acompanied by estimatesf uncertainty

Expansioriactors The source of expansion factors from index values to larger aggregates
should be documented and some measure of interannual variability of those factors should be
quantified.

Measures of forecsting errors To facilitate comparisons of forecasting errors across stocks and
models, the CTC should agree upon a minimum set of standard meastnes®érrors that

should be produced by all agencies as well as the Tii€simple step will eliminate the

current inefficiency and confusion caused by the use of several different measures of
forecasting errors in different documents, which preclude direct comparisons. Such diverse
measuredor stockspecific forecastgiclude (1) [(forecast- actual)/actual], (2) [(actual
forecast)/actual], (3) forecast/actual, (4) actual/forecast, and (5) some of those multiplied by
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100 and others not, etd-or abundances produced by the PSC model, the analogous formulas
would use preseason Als instead of "forecast” and pestason Als for "actualWWe suggesthe
format of option 1 above as a default so that oestimates by a forecasting modsmie

displayed as positive values and unelgimatesas negative values.

Retrospectiveanalyss. The strongest test for evaluating the performance of alternative
forecasting models (short of using Monte Carlo simulation models) is to conduct a retrospective
analysis. This procedure forecasts abundance for a given historical year based only thiatdata
would have been available up to that year, and then iteratively reptas process after

adding that year's actual returns, and wetkrough the time series of data (see section 7).
Limitations d retrospective analyses of alternative modalso reed to be recognized, though.
Model rankings may be affected byl() which particular years were used to initially fit the
modelprior to the firstforecast (2)the length of time series used to calculate performance,

and (3) the nature of historical variaility (whether itwill likelyencompass future situations

Alignmodelranking critera with management objectived/lost agencies useore than one
rankingcriterion or "performance measureéach year for choosing the best forecasting model,
and thesecriteria can differ among years and stocks. However, these ranking criteria implicitly
reflectdifferent management prioritiesso due diligence needs to be paid by agency
forecasters tausemodelranking criteriahat provide the most appropriate infornmian (i.e.,

that isconsistentwith stated management objectives footh specific stocks and for AABMs

We provide some hypothetical examples below.

Mean raw error (MRE) (the averagepafsitiveand negativeforecasting errors over many
years) and its sded counterpart, mean percent error (MPE), measure the 4@ng bias in
forecasts (i.e., how muabn averagea givenmodel tends to overor underestimateabundance
across the entire period). Thus, use of MRE or MPE for choosing the best forecasting mode
would be appropriate for aanagement objectivéhat is only concernedith whether there is

a longterm tendency for a consistent bias in one direction or the other, i.e., consistently over
estimating the run or undeestimating it,andwithout any conern about the yeato-year
variability in forecasting errors. To reflectranagement objectivéocused on the latter
variation, though, rean absolute errofMAE) andnean absolute percent errdMAPERre
appropriate because themeasure theprecision or average magnitude of annual forecasting
errors, regardless oWwhether they are over or under actual abundance. This ranking criterion
fits with amanagement objectivéhat puts top priority on coming as close to the actual post
season estimate of abunda@@s possible, regardless of the sign of the effbiat objective
implicitly places equal weight on ov#arecasting by some amount (e.g., 100,000 fish) and
under-forecasting by that same amount.

Other modelrankingcriteria reflect managment objectivessuch as minimizingoth bias and
precision(root-mean square error, RMS&) moreheavily weightingpverestimates than
underestimates (or vice veay Another criterion, £, reflects the proportion of variation in year
to-year postseason abundances thet accounted for by a given forecasting model. Finally,
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when the new statistical forecasting package, ForecastR, is released, other formal model
ranking criteria will become readily availableGbinookforecasters such as the Akaike
Information Criteriorfor small samples (AJC

Caution is advised, thoughll of the modelranking criteria mentioned above, including AIC
implicitly assume that forecasting errors of a given magnitude in one direction are as
undesirable as the same magnitude of foreaagterror in the opposite directigrbut this may
not be appropriate for some management objectips 101 in Walters and Martell, 2004or
instance, imanagers place differenteightings on errors in different directionthen other
modeltranking criteia will need to be developed instead

In short, agency forecasters can provide forecasts from models that meet a variety of
performance criteria, but in order to choose those criteaiad produce numerical resultbat

will be most useful to managers, management objectives need to be clearly stated in
guantitative, measurable form©f course, such discussions between managers and scientists
should be seen as a way to ensure that statistical analyses efficientlgssdchanagement
concerns. Such discussions are not intended to have scientists influence the choice of value
laden management objectives, nor to have managers influence assumptions or outcomes of
scientific analyses.

Sibling regressions og-loge model eguations are more likely to meet assumptions of
regressionn sibling ageclass model§Peterman 1982), but it is important to apply the usual
log-normal bias correction when badalculating abundance on the arithmetic scale (Haeseker
et al. 2005)The FoecastR package described below contains allog sibling modeland we
were told thatit includes the lognormal bias correction mentioned in the previous sentence.

Kalman filter estimation of sibling regressiofsbling agelass relationships fit bstandard
regression assume constaage-specificmaturation ratesand survival rate between ages.
However, &rge scattes of data points around some sibling relationships, as wdihestrends
in meanageat maturity that have been observed i6hinookSalmon(CTC 201% and sockeye
salmon (Pyper et al. 1999), sugdgegthat better forecasts might be possible by fitting sibling
models using &alman filterestimationprocedure(Holt and Peterman 2004yVhen a sibling
model is set up to be estimated eaKalman filter, thgorocedure estimatesemporal changes
in parameters of sibling ageass relationshipand takes into account observation error as well
as natural variabilityThis procedure haalreadyproven effective for sockeyeabnonand has
documented substantial time trends in siblirrgodel parametersas well asimilar trends
across groups afockeyestocks(Holt and Peterman 2004).

Hybrid sibling forecasting modétor some of theChinook Salmostocks and age classes
examined hereif the fit to a sibling regression model is potorecasters tend to use a naive
model (e.g., forecass theaverage of the last N years of returns, or perhaps just last year's
value) However the decision of which model to use is fmsed on angtatisticalfoundation
A more statistically defensible approach is to use the "hybrid sibling" forecasting model
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developed by Haeseker et al. (200Hybrid" in this case means usiagibling model wherhe
variance of residuals around the relationship is below some threshold (i.e., the data are fit
well), but above that threshold using some naive model. Haeseker €088 (used

optimization to find the best variance threshold for each of 40 chum salrtewks and 37

sockeye salmon stocks. When the performance of the hybrid sibling model was compared to
that of 11 structurally different forecasting models using retrospective analysis, it garnered the
most sockeye stocks (35%) for which it was therapked model in terms of RMSE and the
secondmoststocksfor chum salmon (29%MHaeseker et aR008).

Generalizedorecasting softwareForecastR is a computer progrdrasedon the opensource
statistical softwarecode,R It generates age specific forecastsf salmon abundancév/élez
Espino et al. 2016).his program is currently in a beta version and is due to be completed by
the end of 2016. It is being developed to provaleanified forecasting todhat can be used by
researchers and manageasross diffeent jurisdictionsForecastR is flexible enough to be used
in different ways in various regions for forecasting abundances of specific sltoisksitended

to facilitate communication and sharing of forecasting resisrecastR allows users to apaly
variety of generic model® their data using varioustatistical modeling and forecasting tools
with the aim to improvehe quality of forecasts

ForecastRuill provide a graphical user interface (GUI) to facilitase by people who doot
know how to cade in R. The programidlows users to forecast abundance of individual stocks
(e.g.,Chinook chum, coho, sockeyg based on histored dataand other available information.
Two types of time serieare accommodatedagespecific or total abundansgepreserting
individual stocks or aggregates

Individual analysis modules will provide a variety of capabilities:
1 Produce Word or HEMLreports (inclugngtable of contents, numbered figures and tables
with captions, and stadtical tutorials)
1 Point forecast andbootstrapbased interval forecast
1 Numerous diagnostics
1 Alternative modelfARIMA, Exponential Smoothing, and Complex Sibling Regressions)
1 Probability profiles
1 Retrospective evaluations afodel performance
1 Modelranking whichcurrentlytakes place exterrly from the program

The Panel encourages the further development and application of ForecastBhinook
Salmon as long as the program is tested thorougfirigt. We suggest the addition of modules
for the hybrid sibling and Kalman filter modéist are described above.

Dealing with changing parametensglost fisheries models have one or more components that
assume parameters are constant over tinaadChinook forecasting models are agception
However, extensive evidence exists tiparameters suclas produtivity, marine survival rate,
andagespecific maturation rat@re "non-stationary’, that is, their mean and/or variance has
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changed substantially ovéine years Nonstationarity thus refers to changes in parameters
other thanhigh-frequencyyearto-year variability Non-stationarity affects érecasts of
abundance ofChinook Salmohy invalidatinghe assumptions made imost modelsthat such
parametersare constant and not tim&arying

There are at least two approaches to dealing with such-stationarity. First are methods

based on modifying static models to allow estimation of tiwaeying parametersThe Kalman

filter version of the sibling model described above is one example of this approach. It updates
parameter estimates annually based the most recent data and downeights older data.
Truncation of data sets is at the other extreme of methods for dealing with-tianging

parameters. Instead of including older data in some parameter estimation step, only data after
some cutoff year a used. However, the choice of cutoff year must be made in some

defensible manner, such as 1977 in the case of Alaska sockeye salmon because that is when a
well-documented "regime shift" occurred to increase productivity of those populations.

Arbitrary cubffs should be avoided.

SensitivityanalysesSensitivity analyses are a standard approach to takimggrtaintiesinto
accountandevaluating theiinfluenceon outputs. Sensitivity analyseexamine how a given
model'soutput changes wittdifferent assumption®r input parameters Such snsitivity
analyseshould then be presented asrange of forecastthat reflectmodel uncertaintyin
cases where management objectives have not yet been clarifedjtsvity analyses should
alsobe conductedacross the range of plausibbeodetranking criteriale.g., minimizingbias
maximizingprecision etc.).

Multiple models Agencyforecastersshouldshift their focus away from reporting point
estimates of forecasts based on finditg _single besforecasting modeéach year. Instead

they shouldevaluate asetof models and reporboth a most likely value antthe resulting range
of point estimates of forecasts along with their respeciredictionintervals around the mean
forecast abundanceSeparately reported forecasts from each model would help to realistically
represent some uncertainty in those forecastotheroption for using information from
multiple forecasting models is to combine the forecasts of several of therbaking models
based on AlgGveights (which essentially puts a naero probability on any one of those
models representing the true state of nature and thereby increasing the chance of making a
good forecast). This technique of multiodel averaging has a strong thetoal basis

(Burnham and Anderson 2002) and is now widely used in ecfogyConnorset al. 2012)A
forecast from such a multnodel method would simply be yet another forecast among all the
others produced by alternative models.

Centralized relationadatabase Ageng forecastersaand the modelersvho runthe PSC model

may obtain increased efficiency in their analyses and production of repdahsyifwere to usea
centralized relational database fboth input and output datg(if they are not alreadgoing so).
Such a database can reduce the chance of errors in copying data or formulas in spreadsheets
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and make creation of new tables and graphs less tedibs.ForecastR program appears to
have already addressed the latter issue.

Continuoushupdateddocument: In fisheries, documentation of models, assumptions, and
input data is frequently a lowpriority task, and such documents often do not get updated, if
they are written at allSuch upto-date documentation is critical, though, both for

understandng model results (particularly unusual ones) and for training new people to use the
model. A centratedregistry or logbook for documentation may assist with this task (section
6.7)

ConclusiorD. Establishment of aet ofdbest forecasting practicesand standard
definitions canimprove the statistical foundation of method®r stock
forecasting

6.5 Statistical Rigor of Agency Forecasting Methods

IssueV. Forecasihg methodsfor some stocks have not fully incorporatembwledge of
changing parameters aecentadvancements in statisticahethods of analysis.

At the Portland workshop, we learned that past abundance forecasts fdivadocalstocks, as
well as for the AABMSs, hayenerally been perceived asasonablysufficient for management
purposesAs a result, forecasting methods for both stocks and AABMs have remained largely
unchanged from longtanding practices. However, the large forecasengrs insomerecent
yearsshould createa substantial incentivéo explore improvements irthoseforecasting
methods.This section focuses on improvements to stgplecific agency forecasts, whereas
section 68 below refers to PSC model forecasts.

Most agencyorecastsrely heavily on sibling modeis whichagespecific numbersf fish
returning in a given yeaare projected from historical relatiohgpswith numbers of the
preceding age clagbat returnedin the preceding yeailhese models perform best when
productivity and maturation rates are stationafstatic)overtime. However,freshwater and
ocean conditions that affect salmon productivigrowth,and maturation are not stablélhey
varyfrom year to yeaand intemporal trendsfrom widely varyingoatterns in environmental
conditionschanging at various time scalésoportions of fishsurviving to agiven ageand
maturing in a given yealsovary considerably and affect the numbers survivingarad
maturing at later agesThe Panel learned that preseng@ncyforecasting methodslo not
explicitly incorporateghe dynamics osuch factors in their analyses. As a result, {argn
patterns and annual variati@in productivity andmaturation rate ardikelya key source of
forecasting erros. Changes in maturation rate oveéme are currently addressed stock
specific forecasting modeglprimarily through triabnd-error fitsto data coveringdifferent
periodsto see which assumed periguerformsbest
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Advanced statistical methods méglp by taking into account temporal patternspgroductivity
and/or age-at-maturity scheduleshat potentially reduce forecasting accuracy and precision
Formal statistical timeseries models such astaregressivdag1-year (AR) or autoregressive
integrated moving average (ARMYmodels are one promising alternatives Alreadynoted in
section 6.4, &alman filter estimation procedure may alsoprove forecasts by taking into
accounttemporal changes in parameters of sibling algss relationships

Participants at the Portland workshop identified a variety of other forecastindel

refinements with the potential to improve accuracy and precision. Among other things, these
included basing agspecific forecasts on all previous ages of the same cohort (e.g., age 4s
predicted by the sum of age 2s and 3s), incorporating marinedsain run reconstructions for
estimating terminal run size, and forecasting hatchery and wild fish independently.

Slectionof the best nodel is often based on expert opinions of groups of scientists rather than
formal modetselection criterialt is unknown how different the choice of the best model would
be ifforecasters usefbormal, statistically supportable modsklection criteria (Burnham and
Anderson 2002) oother approachesuch asnulti-model averaging. Howeveat the very least,
transparency and confidence agencyforecasts mightncreasef such weHestablished formal
modelselection criteria were appliedgency forecasters should also ensure that medel
ranking criteria are consistent withanagement objective as noted in sean 6.4.

ConclusiorE Accuracy, precision, and transparency of stock forecasting methods migk
be substantially improved by application of more formal modstlection
criteria that match clearly defined management objectiveBorecasts might
also improve ly use ofmore advanced statistical methods that allow for
time-varying parameters.

6.6 Limitations of Existing Agency Models for Forecasting

IssueVI. Existing forecastg modelsused by agencies, especidaiiling relationshipsare
reasonablyeffective in representing average conditions arevulnerable to
performingpoorly for years of very low or very high returns.

Years when actu&hinookSalmon abundancés substantially below or above forecast are by

far the most challenging for salmdishery managers. Overestimates of abundance can result in
overfishing relative to escapement goals and exploitatiate/catch limits. Underestimates can
result in unnecessary restrictions and substantial foregone harvest. Both situations can
substantidly disrupt effective fishery implementation and allocation. These errors are
particularly troublesome il€hinookSalmonmarine fisheries where inseason abundance
information is not available to support withiseason modifications of fisherierecasting

errors are also problematic even in terminal fisheries where inseason information does exist.
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The largest discrepancies between actual runs and forecasts typically occur when large
numbers of young fish in a cohort do not lead to similarly large numkfeskler fish of the

same cohort in the next year, or when small numbers of younger fish are followed by
uncharacteristically abundant older fisthese patterns are often related to environmentally
driven changes in survival or maturation and are espgot@imon when data used to make
forecasts are outside the range of past observations (e.g., abundance of age 3s is larger than
previously seen and yet is used to forecast-dggbundance). Large forecasting errors might
also result from a confluence of gabe random chance events and measurement error.

Refinements in statistical methods discussed in sections 6.4 and 6.5 may help improve accuracy
and precision of forecasts by better accounting for time series patterns in the dataset.

However, it is unlikelyhat more rigorous statistical analysis of existing data will remove the
specificproblem of large uncertainty in forecasts based on recent observations that are outliers
beyond the range of past data. The reason for this prudence in sibling modelgafopk, is

that the width of the prediction interval (frequency distribution of possible forecasts at a given

X value) gets wider as abundance increases, and that prediction interval is usually asymmetric
(see examples for Columbia River Chinook stocksdtion 7)

The best prospedbr reducing forecasgrrors in general, as well as the breadthuoicertainty
arising fom outliers bgond the range of past observationsill be to develop alternative
forecasting methodshat explicitly accountor dynamc changes in factors that affesalmon
returns. Auxiliary information from other independent variables might potentib#yp account
for anomalous return patterns. Examples might include maturataia in previous yeas, age
specific bodysize distribuion, size and age structure ab-varying stocks, freshwater factors,
juvenile abundancguvenilesurvival indicesor ocean conditions that affect survival or
maturation rate.However, with few exqations (e.g.Orsi et al. 201p, pastefforts to
incorparate auxiliary information in forecasting models has generally met aritly modest
success (e.gWertheimer et al. 2015)Additional investigations may prove fruitful f@hinook
though. Without new information or new understandings of factors driving variable returns,
substantial improvements in forecast accuracy and precision may be difficult to achieve.

We should also recognize that recent poor performance of forecasting mettmdgared to
previous yearsnay be a temporary phenomenon associated with a period of particularly
dynamicyears forChinookSalmonabundancehroughout thenortheasternPacific. Forecast
accuracy and precision may or may not revert to historical norms inutoes.

ConclusiorF. Development of new models and advanced parameter estimation methog
may improve the accuracy and precision of agencies' annual forecasts.
Regardless of any such improvements, large uncertainties in forecasts
should be expectedespecifly when they are based on data outside the
range of past observations.
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6.7 Documentation of the PSC Model's Forecasting Methods

IssueVIl Incompleteand outof-date documentation of the current P&Binookmodeland its
calibration and projectioproceduregl) threatens loss of institutional knowledge as
key staff move on2) increases challenges to new CTC members who want to
understand the model and its procedures, and in the worst ¢3screases the
chance of errors in the model's apptioa and interpretation.

Such weak documentation has made it difficult to conduct an effective review ¢t 3t

model's structure and functiarFor example, a few queries from the Panel about the model
based on the available documentatioeceived the rely, "The model doesn't work that way
anymoré'. Followup questions did not always help clarify uncertaintidsverthelessthe

Panel is confident about our general conclusions related to the PSC model and its use, in part
based on extensive discussionshhmembers of the Analytical Working Group, AWG.

Because of the incomplete documentation of the PSC model, the Panel heard from more than
one AWG member that it has taken them up to two years to understand how the model works
and even then, further modékexperiments" have been needed to determine how outputs are
affected by changes in particular inputs. We learned that spars of thePSGnodelare only
partially understood, even by sonveho are involved imnterpreting the modelSuch lack of
familianty with the inner workings and assumptions of the model, as well as the-iatated

inputs from the 11 different input filesncreases the chance of errasscurring duringhe

model's application and interpretation

Another aspect of this situatiocame to the Panel's attentiaVe learned that one person,
John Carlile in Alaska, has the burdenhonor)of taking the lead orannually running théSC
model's calibrations and projections during a short period each sp@ingr members of the
12-persmm AWGsubsequentlyhelp byrunning calibrations and making projections of AABM Als
themselves, an@hecking input and output files for erron.is unclear to the Panel the extent
to which the entire process depends dohn'deadershiplt is clearthough,that hislengthy
experience and intimate knowledge of the model's behavior and codeglswrits error
messages, lends critical experience to the PSC modeling prétmegsver,we are unaware of a
succession plan (i.e., training atf leastone person to take John's place when he moves 4n).
there is no suclplan, we strongly encourage one to be establishedrticularly in light of the
large economic value @hinookSalmorfisheries that is affected by the PSC model's forecasts
of Als

Also,apparently there is no single location for registering or logging changes to the PSC model's
code, input requirements, or calibration and projection procedures. Such changes may be
described in each year's exploitation rate and calibration reports, beicttanges are not
consolidated in one place, which increases the chance that some subsequent change will
unintentionallyinteract detrimentally with some previous chantigt isnot noticed or

remembered. We learned that the AWG has discussed the neexuitdr a central "logbook™ of

54



changes to the PSC model, but it does not yet eWst.encourage one to be developed as soon
as possible.

Continwed application of the PSChinookmodel would benefit substantiallifom clear and
conciseup-to-date documentaton of its structure, parameter values, assumptipasd data
supportingthose assumptions

ConclusiorG. Comprehensive upo-date documentation of the PSChinookmodel in a
single, central location is necessary to support its effective and credible
and improvement A succession plan for training new model users is also
critical.

6.8 Statements of Uncertainty about the PSC Model's Output Forecasts

IssueVIIlL The deterministic nature of thBSGnodel and paucity of routine sensitivity analyses
do notprovideinformation aboutuncertainties irthe model's forecasts of abundance
in the three AABMand terminal areasthereby hampering welinformed decision
makingby PSC Commissioners and fishery managex8BM areas

Another element of model transparency deals with documentation of the PSC model's results,
i.e., itsprojections(forecastg of abundance indice@lg for each AABM. Just as CTC members
have requested more documentation from regional agency forecasters about the reliability of
agency models used for stoskecific forecasting, so too should managers of AABMs benefit
from knowing thereliability of pastPSC model forecasts of abundances in the AABMs, as well as
uncertainties about each current year's forecast Als.

The Panel learned that each year the CTC provides to the PSC Commissioners and regional
managers the forecast abundance index for each AABd/kla@ associated maximum allowable
catch (based on Table 1 in Chapter 3 of the Tre&igyvever there is no documentation of
uncertainties in theannual preseasorforecasts, and noegularlyproducedstatemens or

graphs of thdongterm performanceof the PSC modah terms of comparing preand post
season estimatesf Als(Figure 1 above is the only graph we learned abdDily the previous
year's point estimate forecast for each AABM is preseiateaually to Commissioneedong

with that year'spost-season point estimateof Als

This omission of measures of uncertainty about stock foreaadftsrly invites criticism when
forecast errors inevitably occuMany assumptions are made by forecasting methods and
some, such as constant maturation ratee not well supportegeven by the regions' and the
CTC's own dataiven the large number of assumptions made by the PSC model, this lack of
statements aboutincertaintyin forecasts can mislead decision makers about the real situation
and can lead tanappropriate regulatory decision®mission of such information also keeps
managers from making walhformed decisions in which risks (created by uncertainties) are
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traded off against potential benefits (also uncertai@ther, more complex stock assessm
modelson many other fish species routinely produteasures of uncertainty around forecasts
for fisheries manager@\ational Research Council, U.S.A. 1998; Walters and Martell 2004;
Fisheries and Oceans Canada 204&it is not unreasonable to expedt from the PSC models
well. PSC modelers shouldcorporatethe routine practice ofshowing uncertaintiearound

their point estimates of annual abundance indices (Als) in each the three AABMSs.

The advice aboutegularlyconducting extensive sensitiyianalyses given above section6.2
for agencystockspecific forecasts is equally important for the PSC m&elsitivity analys of
model output to different assumptions and input dataa standard means of taking
uncertainties into account and ppagaing theireffects all the wayo modeloutputs. However,
at the workshop the Panel heatHat the annual calibration of the current PSC model is too
time consuming to conduct more than a few such sensitivity anakyaels year From the
Panels perspective, this response highlight&ey limitation of the current PSC mod@éiven
the numerousuncertainties thatare known toexist in therealworld system representetty

the model,the inability to conduct large numbers of sensitivity analyseg.(dozensor more)
severely constrains the level of confidence that can be placed in results from the PSC model
(not just forecasts of abundance in the AABMs, but also comparisons-cdnmigoost
abundance estimates).

The Panel recognizes the severelgem of limited CTC staff time (especially for members of

the AWG) Staffface competing demands to provide a complex set of annual reports during a
short period for implementing the Pacific Salmon Treaty, testing and documenting existing
methods and modls, and exploring improvements in related methods of analysis. Difficult
decisions will obviously have to be made by the AWG to rank tasks when all are important but
all cannot be thoroughly addressed with existing staffdgeway out of the dilemma afoo

much work and too little time is to reduce the extent of the CTC's reporting requirements to the
PSC by negotiating changes to the next Treatynther is to conduct more analyses outside of

the intensive earhspring period.

More detailed discussionna recommendations for addressing uncertainty may be found in
sections 7 and 8 of this report

ConclusiorH. Point estimates of forecasts of abundance indices in the three AABM are
from the PSC model should be accompanied by descriptions of uncertair
in those forecastsUncertainties can béerived from extensive sensitivity
analyses of effects of different assumptions and input parameters.
Expression of uncertainty in these forecasts is essential for determining t
confidence to be placed in them drallowing for appropriate consideration
by fishery managers
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6.9 Limitations of the Existing PSChinookModel

IssuelX The PSC odlels structure, parameterizatiorand calibration are complex and subject
to substantial structural and parameter uncertainties

Objectives and applications of the PSIdnookmodel have evolved over time. The model
appears to serve a number ptirposes some for which it may not be idiaconfigured. These
include calculation of an abundance index in currency similar to that used in the base period to
establish harvest control rules, inferences of abundance and harvest for stocks for which
assessments are not independently derived,rastion of fishery impact rates for reference to
objectives, and projections of terminal run sizes in some fishery areas. Estimation of the
abundance indemn the three AABM areaappears to be the most important current
application.The ankingof future PSOmodelingtaskscould benefitfrom more explicit

definitions of priority uses

The current model structures relatively unchanged since 1985. During stagalibration it
assumes that all factors are known except die, time series of stockpecifc E\&, whichis
estimated by fitting the modetb the input data. Trends and variability in productiviggnd
maturationrate canlead to uncertainty in the forecastof AlsThe PSGnodel currently
attempts to takesuchchanges into account hysingbaseperiod maturation rate along with
annual CWT data, the most receny®araverage maturity rat€but only for dealing with
incomplete broods)andfitting a time series of EV values to observed abundarites
resulting uncertaintiesn forecastsof abundance indices in AABMe not clearly articulated in
the CTC's annual reports.

Previous sections have already described the rfee@dditional testing and refinement of the
PSCGChinookmodel The Panel also recognizes thogportunities forsuchwork are limited by
competing work demandsn members of the CT@hese demandsppear to behampeing
exploration of alternative and possihiyproved forecasting methods.

Given this predicamentontinuing exploration obther modelingoptionsis apprgriate.
Significant effort haalreadybeen invested imeveloping, and in some cases applying,
alternativefisheries modelsDetails of some of these options are provided in section 8.

Conclusiorn. Substantial revision, testing, or possibly even replawent of the existing
PSCGChinookmodelis necessary to effectively serve continuing needs,
including the need for statements of uncertainty in the model's forecagts
subgroup of CT@embersshould be created to explore such revisions ang
new models.
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6.10Consistency of Management Structures/Policies with the Limitations of
Information and Assessments

IssueX Limitations ofdata and uncertainties associated wiitock assessments and
forecasting models challenge effective implementation of abundéased
management ofChinookunder the Pacific Salmon Treaty.

Implementation of an effective abundané®msed management strategy, as specified in the
Treaty, obviously requires sound abundance forecasts and information on harvest rates.
Forecasting problems in cent years have hindered effective implementation of abundance
based management in AABM fisheries when gEesison abundance estimates have differed
greatly from preseason forecasts.

One avenue for addressing these problems is to improve forecastsIbgtowd better data,
modifying current models or building better ones, and reporting uncertainties about forecasts
and postseason estimates. These topics are the main focalsi®feport, which includes a
variety of related recommendations.

Scientists ee often inclined to pursue ever mowetailed data and finescaled models in an
attempt to explain and reduce uncertainty. The danger in this approach is that our expectations
and models can easily outstrip the fundamental limitations of the availabbernrdtion and
resources. Thus, the other aventa dealing with forecasting problems is to scale expectations
for the forecasts and management strategies to match the limitations of the existing
information and methods of analysis. More complex, fiseak, mechanistic models are not
always a better answer. Simpler, more transparent assessments and strategies often prove
every bit as effective in achieving desired outcomes as more complex but subjective models
loaded with assumptions. The Panel recognthes references to basperiod abundances, age
structures, and exploitation patterrare important features of the currentChinookmodeling
structure, but a more streamlined framework could also be configured to do so.

The existindgimitations of CTC repting, PSC model documentation, testing, and refinement
suggest to the Panel that the current analytical frameworkGbmookmanagement under the
treaty warrants a close look to determine whether an alternative process might be more
appropriate. We discissuch alternatives in section 8.

Conclusiond.  Alternative frameworks as well asvays ofusing forecasts of abundance,
should be considered faChinookif current information and resources are
not sufficient to effectively conduct adequate analyses and implement
provisions of the current Treatylhose provisions may need to be changg
during current negotiations.
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7.1 General Commentabout Agency Forecasts

This section focuses on the fivéhinook Salmoastocks investigateds part of this review.
Regional agenciegenerate forecasts fahose stocks and send them to the JdCinput to the
PSC's coastide madel. In addition to these forecasts, some regional agersies aDFOalso
produceother forecasts for use in management of their domestic or terminal fisheries. This
section only discusses the first type of forecasts, the ones used asiophe PS@nodel. The
agencies' forecasts agenerally sento PSGnodelers byMarch Ist of each year, but the
domestic forecastor WCVI, for instancés generally done later in the spg when more
information from the previous fishing season is available.

Before we deal with individuaChinook Salmostocks, we covereveral topics and
recommendationghat are relevant tcagenciesforecass forall five stocks.

First, as mentioned in section 6iAe Panelearned that there is very little communication

between the CTC and biologists in the regions who annually submit theirspeckfic

forecasts to the CTC for input to the PSC model. The CTC thus has no information on the model
ranking processr the reliability of those forecasts.

Recommendatiorl.  When regionalagency forecastersend their stockspecific annual forecasts to
the CTC, they should document their modahking procedures as well as the
past performanceof their methods(bias and precision

Seconda keyrepeating theme in our review o€hinook Salmoforecasting methods is the
limited representation of uncertainties in both analyses and the resulting forecasts. The types
of uncertainties described in section 5 apply to @hinook Salmostocks and ned to be

explicitly considered when making forecasisnission of such uncertainties creates
overconfidence in forecasts and may lead to inappropriate management regulations and
outcomes. Details about the importance of considering and reporting uncemsjrand

methods for doing sdhave already been provided in sections 6.2, 6.4, and 6.5, so we refer
readers back to those sections. Suffice it to say here that regional agency forecasters can go
further than at present toward developing a range of foresasiat reflect various types of
uncertainties in their analyses.

Uncertainties about how to represent the natural system are unavoidaiien choosinghe
structural form and parameter values of forecasting modkls therefore important that
forecasters explicitly recognize those uncertainties durirgjrthnalyses. One way to do so is to
admit that the "best" single model, however that is determined, dneshave a probability of
1.0 of being the correct representation of nature, and thatett models might be useful to
consider as wellvhendescribing uncertainty in forecastSection 6.4 elaborated on this need
to avoidthe current agency practice ébcusing on the single best model.
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The set oforecastingmodelsthat each agency shoulwnsider could be definedsing formal
modelselection method¢Burnham and Anderson 200Epr examplethat setcould be

identified asthose having delta Al®@alues less than some numbéorexample4 or 6). The
resultingset of modelavould be thosehat have sufficient support to be considered plausible
descriptions of the natural syste(Burnham and Anderson 2002Jhe range of forecasts of
abundance produced by this set of models would then reflect structural uncertainty and some
aspects of parameit uncertainty.

To give a more complete picture of these uncertaintpsnt forecastdrom each modeshould
be accompanied by predictiantervals(not confidence intervals)A prediction interval
illustrates the probability distribution from which trengle point estimate of the forecast is
drawn.For salmon forecasting modelprediction intervalsare typically quite large (e.g., Figure
17 forsibling models fothree Columbia Rive€hinook Salmostocks) These prediction
intervalsshould therefore be passed on to the PSC modelers (CTC) so that the resulting
uncertainties can be reflected in the PSC model's forecasts of abundance in the AABM areas.
Prediction intervalsnay be more important than structural uncertainty in terms of geating
uncertainty about future abundansgalthough this may depend on the particular stock and
data set Only future analyses can tell whether the structural uncertainty arising from
structurally different models is important enough to justify sendieparate foecasts okeach
modelto the CTC for use in the PSC mobel regardless, prediction intervals should be sent
to PSC modelers

Recommendatior?.  Agency foreasters shouldhot choose just one best model for forasting
abundance in each age class. Instead, they shaddductanalysesacross
different models that make differenassumptions and report the resulting set
of forecasts to the CTC for use as inptd the PSC modeTlhe generally large
predictionintervals (not confidence intervalsaround point forecasts should
also be reported.

Third, it is often the casim fisherieghat the rank orderof forecasting moded can be
substantially affected by which modednking criteria are usedhe modethat has tre

smallest bias (MPE closest to zemopften different from themodel that has the greatest
precision (lowest MAPEA model that does well with both attributes (reflected by the lowest
RMSE) may differ yet agaModel forecasts in a given year can aisider between such
models. It is therefore important that forecasters carefully choose their moaeking criteria.
As elaborated upon in section 6.4, the chosen criteria should be consistent with the way that
management objectives are stateflanagemei concerns about longerm statistical bias of
forecasting methodsvould be addressed by using MPE as the madeking criterion, whereas
MAPE would be appropriate if the greatest concern is the magnitude of yearly deviation
between pre and postseason stimates.

The Panel heard at the Portland workshop, as well as afterwards, that there is uncertainty
among agency forecasters about management objectives, both at the regional level and for
AABMgAppendix C)Such clarity is essential so that agefargcasters can design their model
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ranking criteria to produce the most useful informatidgntil such time ashosemanagement
objectivesare clearly articulated, the Panel recommends that agency forecasters produce
forecasts for the top model for each tife three most common ranking criteria, MPE, MAPE,
and RMSEAfter clear objectives are stated, then only forecasts from the models using the
appropriate ranking criteria need to be reportdd. all cases, forecasts should be accompanied
by their respectire prediction intervals, as described in the previous recommendation.

Recommendatior8.  Agency foreastersshouldalsosend to the CTC a set of forecasts, each one
based on a different modetanking criterion as determine by stated
management objective. As described in sectionB.the CTC can then conduct
sensitivity analyses with the PSC model to determine their effect on forecasts
of abundance in the AABMs.

Fourth the ForecastR software programplainedabove in section 6.4 has the potential to
improve the statistical basis fetock forecasts in all regionsrom whatthe Panel haseen of
the output from a beta versioof ForecastR for Northern Oregon Codzhinook Salmarthis
program promises tte a very useful, standardized method for regidagencieso produce
their forecastslt allows users to choose from a wide variety of forecasting models.

Recommendatiort.  We encourage all agency forecasters to try applyiRgrecastR to their regions'
stocks.As well, he CTC should run workshops to familiarize agency scientists
with the ForecastR program.

Fifth, sibling regressions do well when the residual variance around the line is gvhalh this

is not the case, foreasters often revert to some type of naive, or Auplogically based model

such as simply using last year's abundance or an average of abundances over several past years.
As described in section 6.4, a "hybrid sibling” model provides a statistically basrsdfor
choosingeither a sibling model or a naive model in any given year (Haeseker et al. PA67).

hybrid model performed well in retrospective analyses.

Recommendatiorb.  Agency forecasters should try applying alimd sibling mode] especiallyto
cases in which the fibf data to a standard sibling model is weak.

Sixth,the CTC has documented a decrease over time in meaatagaturity among several
west-coast Chinook Salmopopulations as well as changes inrsival rates (CTC 204f These
two changes therefore violate keyassumptionunderlying thefitting of sibling ageclass
relationships namelythat parameters are constant over time. Sunbn-stationarity

undoubtedly contributsto forecasting errors, but the Panel does not have enough information
to state the magnitude of that contribution relative to other sources of forecasting error.
Essentially, such changing maturation rate and/or survival rate would result inviamyeng

slope and/or intercept of a sibling relationshiy Kalman filter estimation procedure for the
sibling relationship estimates such tirvarying parameters (Holt and Peterman 2004; also
section 6.4)Although Holt and Peterman (2004) used a randwealkresdualterm in the

system equation, an AR1 term may work even better if the changes in maturation rate and/or
survival rate are highly autocorrelatea time.
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Recommendatior6. We recommend that agency forecasters try usiad<alman filter estimation
procedure for fitting their sibling relationshipg account for timevarying
parameters

Seventhall five of the agency forecasts reviewed were missing a complete assessment of stock
contributions to the various AABM and ISEBheries.Instead, in all cases it was left to the PSC
modelers to fill in the missing componen&though thePanel deesnot fully understand how
those estimates are made, we recognize that surrogate groups of fish marked with-eaaed
tags have to baised to representarger stock groug For the vast majority of these cases, it is
well known that because the marked group is a small component of the overall stock it
represents, it may not mimic the actual exploitation and survival rates of the latgek.It was
demonstrated that forecasts of terminal return and escapement can be made without fishery
contribution estimates, but the quality of forecasts might improve with better estimates of age
composition and numbers of fish in both harvest and estaent. These are the building blocks
of strong population assessment programs, as well as good forecasting.

The Panel learned that the United States and Canada both contributed $7.5 million to their
agencies in recent years to improve their codeide-tag programs We applaud this
undertaking but also worry about the form the program will take in upcoming years without
supplemental funding.

While there have been dramatic improvemeimsestimating stock compositiodza A y 3, / 2 ¢ Qa
there still are problems ith the ability to makdhose estimatesimely. Final estimates from

fisheries are typically not available fop totwo years after the tags are recoverddethods to

reduce the time delay and improve the usefulness of the information should be evalusted.
example would be the use of-Beason creel surveys to obtain markiedunmarked fractions

prior to receiving the results from pestason maibut surveyf anglers

Otolith mass marking has® LJ | O SriRmany?fish&ias for estimating stock contributions
(Hargreaves et al. 2001; Joyaad Evans 20Q0Because otolith markingllows for marking

greater numbers of fisithe estimation of stock contributions is often more efficiemtd timely

than with CWTQ. dhe downside to the use of otoliths is the lawumber of different discernable
patterns available to be applied to the otoliths which ultimately limits the number of stocks that
can be distinguished.

Genetic methods have found increasing applicationthe management of Pacific salmon over

the past 20 year@Beacham et al. 200&ilkBaumer et al. 2013 echnologies for the

application of these methods have improved rapidly, and it has become increasingly feasible to
collectand processarge quantites of genetic datan a timely manneat reasonable cost. It is
reasonable to expect these new technolograi continue to evolve and beconmaore

valuablefor the management of ocean salmon fisheries (Pacific Salmon Commission 2008).
While there are otler methods to explore, parentageased tagging is a genetic technique that
shows promise as an efficient alternative to physical tagging methods such as-eadethgs
(Larson 2014; Anderson and Garza 2006).
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Recommendatiory.  Continue to improve upon the ability to estimate the contribution by stock to
all AABM and ISBM fisheries with the objective of obtaining reliable stock
contribution estimates by age. The Panel encourages the commitment of extra
funding forthe implementation of techniques to estimate stock contributions
in a timely enough manner that theesultscan be used for forecasting in the
subsequent year.

7.2 Columbia River

7.2.1 ForecashgModel

The Panel reviewed forecasts for three stocksatfinook Salmofrom the Columbia River

Upriver Brights, Spring Creek Hatchery, and the Summer run. The fisheries in the Columbia

River are managed subject to provisions of the continuing jurisdiction of the Federal court in
proceedings between the United States, @hd State Agencies and Treaty Trib@sTechnical

Advisory Committee (TAC) consisting of representatives from each of these entities is tasked

with assessing and forecasting salmon returns to the Columbia River. The methods for

forecasting all three Colurdbl  wA @SNJ 243201 a& | NB @OSNE &AAYAf |l NE
generally to all three stocks.

A large number of relationships (more than 80 each for the Upriver Bright and Spring Creek
Hatchery stocks alone) are examined each year for potentialnueecasting. These

relationships include a combination of sibling regressions, cohort ratios, and the average of
recent returns. The large number of relationships used to forecast a particular age group arises
from exploring numerous sets of brood yeafsdata that are chosen as input to the analyses.
The TAC uses an open discussion anitsngxpert panemembers to select a relationship for

each of the age classes within a stock to use in making the final forecast. The selection criteria
include P values, forecast bias (mean percent error), and forecast precision (mean absolute
percent error). Sibling regressions have been selected most of the(iigerel6). Yeas to

include in the regressions were selected based on recent forecast performanegerage of
recentyear returnss occasionally used when a particular age component represents a minor
component of the entire return (e.g., <1,000 fish)

While itcould be argued that the acquired knowledge of the TARpertss sufficient for
producing accurate forecastgeopleoccasionally leave and others move into the group,
resulting in both a loss and introduction of knowledge and experience. A more faedali
statistically based process feelecting the final forecasting relationships might lead to
improved forecastsAs a starting pointwe suggeshot using ? as a modetanking criterion,

but instead using the more directly relevant measures of foreeggperformance: MPE, MAPE,
or RMSETheAkaike Information Criterion (AJQiscussed in Burnham and Anderson (2002)
may also be usefuhut with the caveat mentionedt the end ofExample 2 in section 3.
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Recommendatior8.  The Columbia River Technical Advisory Committee (TAC) should explore
whether using formal statistical modeselection criteria improves the accuracy
and precision of their forecasts.

All of the sibling relationships examined for the Columbia RiveivelpBright and Spring Creek
Hatchery stocks were regressions using the untransformed numbé&haiook Salmohy age
estimated to have returned to the terminal area, while some of the relationships used to
forecast Columbia River Summer stock were-loge regressions. Peterman (1982)

demonstrated that the use of natural log transformations of sibling data provided relationships
that better meet the assumptions of regression such as constant variance across the range of X
values. The presentations mallg Steve Haeseker and Stuart Ellis at the workshop indicated
that the regression fits to the untransformed and transformed data were similar for the

majority of observed terminal run sizes, but there was a slight divergence at larger run sizes
(Figurel?). While it is easier to explain a regressiomtm-technical audiencessing
untransformeddata, it may be advantageous to explore the use of natlogltransforms for
forecasting. This may be especially appropriate now because recent run sizes are at the upper
end of the historically observed data.

Recommendatior®.  Explore the use of naturdbg transformations forsibling regressionsThe
examination should evaluate both the effect on meeting the regression
assumptions and forecasting performance.
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Figurel16. The distribution of models selected in the past by the Columbia River Technisasdyy
Committee (TAC) to forecast Columbia Upriver Bright, Columbia River Spring Creek
Hatchery, and the Columbia River Summer stock€binookSalmon. From the information

presented by Steve Haeseker (USFWS) and Stuart Ellis (CRITFC) at the Ratkestabp,
August 1011, 2016.
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