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Variables used for Coho and Chinook Salmon Forecasts 

Bill Peterson, NOAA/NWFSC 
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Elements of Forecast System 
• Large-scale atmospheric and oceanic 

conditions provided by NCEP’s Coupled 
Forecast System (CFSv2) model 

• Dynamical downscaling (~1.5 km grid) 
with the Regional Ocean Modeling 
System (ROMS) with a lower-trophic level 
(NPZD2) module 

• ROMS output used in an integrated 
ecosystem assessment 

• Projections publically available on the 
NANOOS website 

 
 



Funding for Effort 
• Began with support from the Northwest Fisheries 

Science Center for a post-doc 
• Modest funding from Fisheries And The Environment 

(FATE), a NMFS program supporting research on 
developing indicators and models for fisheries and 
ecosystem management 

• Leverage from a marine carbon project in the Gulf of 
Alaska led by Jeremy Mathis of NOAA/PMEL 

• Discretionary funds from the Dean of the College of 
the Environment at the UW (Lisa Graumlich) 

 
 



For a new Climate Forecast System (CFS) implementation  
Two essential components: 

A new Reanalysis of the atmosphere, ocean, seaice and land over 
the 32-year period (1979-2010) is required to provide consistent 

initial conditions for: 

A complete Reforecast of the new CFS over the 29-year period 
(1982-2010), in order to provide stable calibration and skill 

estimates of the new system, for operational seasonal 
prediction at NCEP 



For a new CFS implementation (contd) 
1. An atmosphere at high horizontal resolution (spectral T574, ~27 

km) and high vertical resolution (64 sigma-pressure hybrid levels) 
for the real time analysis 

2. An atmosphere of T126L64 for the real time forecasts 

3. An interactive ocean with 40 levels in the vertical, to a depth of 
4737 m, and horizontal resolution of 0.25 degree at the tropics, 
tapering to a global resolution of 0.5 degree northwards and 
southwards of 10N and 10S respectively 

4. An interactive 3 layer sea-ice model 

5. An interactive land model with 4 soil levels 



Reforecast Configuration for CFSv2 (T126L64) 
• 9-month hindcasts initiated from every 5th day and run from all 4 cycles of that day, 

beginning from Jan 1 of each year, over a 29 year period from 1982-2010. This is required 
to calibrate the operational CPC longer-term seasonal predictions (ENSO, etc) 

• In addition, a single 1 season (123-day) hindcast run, initiated from every 0 UTC cycle 
between these five days, over the 12 year period from 1999-2010. This is required to 
calibrate the operational CPC first season predictions for hydrological forecasts (precip, 
evaporation, runoff, streamflow, etc) 

• In addition, three 45-day (1-month) hindcast runs from every 6, 12 and 18 UTC cycles, over 
the 12-year period from 1999-2010. This is required for the operational CPC week3-week6 
predictions of tropical circulations (MJO, PNA, etc) 
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Regional Ocean Modeling System (ROMS) 
 
1.5 km grid spacing 
 
Tides 
 
Climatological freshwater runoff 
 
NPZD module from Banas et al. (2009) with 
  additional detrital and oxygen sub-model 
 
Algorithms using oxygen and temperature 
  to derive pH and aragonite undersaturation 
 
Nitrate and oxygen values for initial and 
  boundary conditions based on CFSv2 
  salinity and observed relationships 
 
Phytoplankton and zooplankton set as 
  seed stocks at ROMS boundary 
 



Focus on the biogeochemistry (pH, pCO2, pO2); Banas et al. (2009) 



Sea Surface Temperature (SST) on 25 August 2009 

AVHRR (weekly ave.)                   CFS                                    ROMS 



Percent of upper 100 m of water column undersaturated 
 with respect to aragonite (from forecasts for 2013) 

May                                      July                                     Sept 







Wen et al. (2012) 



Wen et al. (2012) 
Correlation Skill 
6-month SST  
Forecasts 



Wen et al. 2012 
 
Seasonality of 
Correlation  
Skill in SST 
Forecasts 



6 month forecasts (initialized previous July) for 43-49 N, 128-124 W 





6 month forecasts for 43-49 N, 125-121 W 



CFS 6-month Forecasts of Temperature at 60 m depth 
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Jul 
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Oxygen Concentrations off the Washington Coast 









Too Warm                                     Too Much Primary Productivity 

Systematic Errors from ROMS Simulations 



Recurring Problems 

• Under-representation of summer cloud cover 
resulting in greater upper ocean warming than 
observed 

• Upwelling seems to persist too long into the 
autumn season (seasonality in wind forecasts 
from the CFSv2?) 

• Drawdown of oxygen persists past the end of 
summer (enhanced primary production in 
ROMS?) 

 





   Predicted vs. Observed Presence of Sardines in 2009 based 
   on ROMS re-forecasts of T, Salinity, Chl, O2   (Kaplan et al.) 
  
             Simple Model                                       Complex Model                                                    



Final Remarks 
• With support from NOAA’s National Marine Fisheries 

Service, a seasonal prediction system (J-SCOPE) has 
been developed for the coastal waters of the PNW 

• Projections based on mesoscale output from ROMS 
forced by the CFSv2 global coupled model 

• Will be used in a quasi-operational sense for 
integrated ecosystem assessment and for projections 
of salmon returns 

• Quality of CFS forcing – Positive skill for surface 
winds and sub-surface ocean temperatures; less 
reliable for low-level air temperature & cloud cover 

• Issues – Neglect of mesoscale atmospheric effects; 
complexity of biochemistry; # of ensemble members 
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