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Strategic Direction 
This project pertains to BBRSDA Strategy #2 Support Research, focusing directly on improving 
the accuracy of the pre-season and in-season forecast.   

This project pertains to BBRSDA Strategy #4 Maintain Sustainability of the Fishery:  Seek the 
highest harvest value consistent with sustainable salmon runs  

Problem Addressed 
 FRI has been conducting pre-season and in-season forecasting for several decades.  The 
pre-season forecast depends primarily on “sibling returns”, using the number of 2-ocean fish 
returning this year to predict the number of 3-ocean fish returning the next year, and using 
“jacks” (1-ocean fish) to predict 2-ocean fish. While our forecasts have generally been reliable, 
there have been dramatic failures, most notably 1997 and 1998, when forecasts were much too 
high, and on a river by river basis there is clearly room for improvement in overall accuracy.  
Our methods and those used by ADF&G are similar. 

 Climate is known to influence salmon run size and timing. Colder years have generally 
produced poorer Bristol Bay returns than warmer years, but thus far we have not found good 
correlations between sea surface temperature and either total return, or return timing. Similarly 
there is some correlation between spring temperatures and run timing – the key to in-season 
forecasting. 

 Climatologists have begun to utilize the multivariate statistical approach known as PCA 
(Principle Component Analysis) to combine climate indices across the entire north Pacific, 
holding great promise to improve pre-season and in-season forecasts.  Our preliminary 
exploration has yielded very promising results. We propose to apply this technique district by 
district across Bristol Bay to improve the pre-season forecasts by linking climate conditions in 
the year of outmigration to total returns.  Climate data can also improve the estimate of run 
timing, which is the key to in-season forecasts.  

 Proposed Project 
Overview 
 The purpose of run forecasts generated by UW-FRI are to provide reliable preseason 
estimates of Bristol Bay sockeye salmon run size several months prior to the fishing season, and 
update those predictions based upon test fishery and abundance (i.e. catch and escapement) data 



February 13, 2013 

   

  2 

collected during the fishing season. While each of these methods for predicting Bristol Bay run 
size have proven successful historically, there exists significant room for improvement in 
forecast accuracy. Specifically, improvements in accuracy of preseason and inseason forecasting 
techniques have been hindered by two factors, 1) an inability to identify reliable environmental 
predictors of marine survival at a resolution that is significant to forecast values, and 2) 
accurately quantifying the influence of north Pacific and Bering Sea climate conditions on adult 
migration (return) timing. We propose to utilize a range of environmental data available from the 
National Oceanographic and Atmospheric Administration (NOAA) pertaining to marine climate 
conditions and large-scale ocean productivity, to identify effective predictors for ocean survival 
and return timing of sockeye to Bristol Bay.  

Project description 
 The “sibling models” used in traditional preseason forecasting methods operate on the 
expectation that individuals from the same brood year have experienced similar growth or 
climate conditions, during freshwater rearing and while at sea, and therefore should show 
correlation in survival and subsequently run size. Although weighting model predictions across 
all possible sibling relationships has performed well for preseason forecasting, this method does 
not address the underlying environmental mechanisms driving survival. Thus we will evaluate 
the influence of sea surface temperature, sea level height, wind-driven surface current patterns, 
and upwelling indices on the recruitment of sockeye salmon to the major river systems of Bristol 
Bay. Specifically, we will focus on how these marine climate and productivity metrics affect 
survival of sockeye during the critical fall and winter period following ocean entry. To address 
the spatial and temporal complexity of these data, we propose to use a multivariate method called 
Principal Component Analysis (PCA). PCA takes highly multidimensional data (e.g. sea surface 
temperature values defined for a particular year, latitude, longitude, and month), and renders 
these data as a set of uncorrelated axes, annual values on which may be excellent representations 
of the north Pacific climate conditions most likely to influence Bristol Bay sockeye salmon. 
More directly, PCA allows for the overarching trends in marine climate for productivity 
variables to be defined as predictor variables for annual Bristol Bay sockeye run timing and run 
size. 

 Inseason forecasting of Bristol Bay run size depends primarily on age-specific catches at 
the Port Moller test fishery and observed inshore returns, up to a specific date. Therefore, 
inseason predictions for Bristol Bay and river system specific run sizes are highly sensitive to 
deviations from the average arrival timing of fish inshore, or past the Port Moller transect. For 
example, high catches at Port Moller early in the season would predict a large return, however 
this pattern of catches could either be driven by a truly high abundance of fish, or simply earlier 
passage of Bristol Bay’s run through the test fishery and inshore. Given the sensitivity in our 
statistical models to return timing, we intend to develop reliable predictors for run timing to 
Bristol Bay and specific fishing districts. We propose to utilize a PCA approach to: 1) overcome 
the spatial and temporal complexity of sea surface temperature data, 2) determine the location 
and months in which marine climate most greatly influence Bristol Bay sockeye return timing, 
and 3) develop accurate predictors for annual return timing. Preliminary analysis has shown great 
promise in the use of this approach to predict historical Bristol Bay arrival timing from sea 
surface temperature anomalies (Figure 1). 
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Figure 1: Preliminary demonstration of the PCA approach for predicting annual Bristol Bay 
salmon inshore arrival timing (1975 - 2011). Points represent observed historical deviations from 
the average inshore arrival date (i.e. 0: long-term average, +1: Bristol Bay inshore arrival was 
one day later than the long-term average). The red line depicts annual predictions for arrival 
timing, based on a Principal Component Analysis (PCA) of sea surface temperature anomalies 
throughout the north Pacific, between October of the year prior to return and May of the return 
year. This predictive model currently explains 92% of historical variation in Bristol Bay inshore 
arrival timing. 
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Anticipated Results 

Given initial success of PCA analysis in “hindcasting” annual arrival timing of Bristol 
Bay sockeye we believe it is likely that we will be able to identify and use reliable predictor 
variables from physical data collected annually by NOAA. Although, scientist have recognized 
and shown general climate effects on salmon production for years we have been unable to 
incorporate climate data at a resolution that improves the accuracy of annual and in-season 
forecast estimates. We anticipate that Principle Component Analysis will allow us to determine 
how multi-dimensional, basin scale climate data can be used to develop environmental predictors 
for both run timing and run size.  

Using improved predictions for sockeye inshore arrival timing, we will be able to 
significantly reduce the overall error in inseason forecasting methods. This approach will also be 
used to look at the variance in the arrival distribution, or whether we expect to see a long tail in 
inshore arrivals or a precipitous decline in sockeye directly after the peak, as predicted by marine 
temperature conditions.  

Benefits of the Project To Bristol Bay Commercial Fishermen 

 Reliable predictions for the magnitude of salmon runs are necessary not only for 
successful decision-making by resource managers, but also for the efficient allocation of 
resources and distribution of effort by fishermen and the processing industry.  

Measures of Results 

 This project’s success will be directly measureable by consistent improvements in 
accuracy in preseason and inseason forecast estimates for Bristol Bay sockeye.    

Timeline, Deliverables, Budget 

Timeline and deliverables 

This is proposed as a 1 year project, commencing 1 May 2013. Ideally, we would be able to 
make some preliminary model runs using climate data collected from October 2012 to May 31, 
2013 by mid June (2013) to assess Bristol Bay sockeye return timing in 2013.  We would aim to 
have a  report including methods, results, and conclusions completed by June 2014. Given 
support of this project we would expect to be able to apply these methods to both return timing 
and run size in 2014.     

Budget – following page 
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Key Personnel 
Project leader:  Ray Hilborn, Professor, rayh@uw.edu, 206 543 3587, Box 355020 University of 
Washington, Seattle, WA  98195.  Extensive experience in Bristol Bay fisheries, harvest 
strategies, and population dynamics; with particular interest in spawner-recruit analysis. 

Daniel Schindler, Professor, deschind@uw.edu, 206 616-6724, Box 355020 University of 
Washington, Seattle, WA  98195. Extensive experience in Bristol Bay fisheries, and climate 
change and fisheries as large scale drivers of ecosystem organization; with particular interest in 
how anadromous fishes link marine ecosystems to coastal aquatic and riparian systems. 

Curry Cunningham, UW – Aquatic and Fisheries Sciences PhD II Candidate, curryc2@uw.edu, 
206 543-7628, Box 355020 University of Washington, Seattle WA 98195. Bristol Bay 
fisherman, extensive experience with Pacific Salmon population modeling and spawner-recruit 
analysis. 

Chris Boatright, Research Scientist. cboat@uw.edu, 206 543-7628,  Box 355020 University of 
Washington, Seattle, WA  98195.  Extensive experience in Bristol Bay fisheries and fisheries 
management, and Pacific salmon life histories and migrations. 

 2013-2014  TOTAL 

TIME CHARGED TO PROJECT 
Project PI (Hilborn) .5 month 5,508.00&&&&&&&&&&&&&& 5,508.00&&&&&&&&&&&&&&&&&
UW-ASP Faculty (D. Schindler) .5 month 7,500.00&&&&&&&&&&&&&&
Research Associate (grad student) 2 qtrs (6 months) 11,364.00&&&&&&&&&&&& 11,364.00&&&&&&&&&&&&&&&
Research Associate (C. Boatright) .5 month 2,867.50&&&&&&&&&&&&&& 2,867.50&&&&&&&&&&&&&&&&&

Benefits 6,349.16&&&&&&&&&&&&&& 6,349.16&&&&&&&&&&&&&&&&&
Subtotal People 33,588.66&&&&&&&&&&&& 33,588.66&&&&&&&&&&&&&&&

EXPENSES
Travel
Supplies
Grad Student Operating Fees 9,786.00&&&&&&&&&&&&&& 9,786.00&&&&&&&&&&&&&&&&&

Subtotal Expenses 9,786.00&&&&&&&&&&&&&& 9,786.00&&&&&&&&&&&&&&&&&

43,374.66            43,374.66&&&&&&&&&&&&&&&

1,679.43              1,679.43&&&&&&&&&&&&&&&&&

45,054.10            45,054.10&&&&&&&&&&&&&&&

Using Climate Data to Improve 
Pre-season and In-season 
Forecasting in Bristol Bay

BBRSDA  Budget Proposal

DIRECTS

INDIRECT 5.0% of direct                                            
(excluding grad operating fees)


