
Welcome to the C-CAN Ocean 
Acidification Roundtable!

We will begin at 1:00 pm PST using the free VOIP 
(Voice Over Internet Protocol). 

If you need technical assistance, please type your questions into the Question 
box in in the control panel on the right hand side of your screen. 

If you are unable to connect using VOIP, dial Toll: +1 (562) 247-8422
Access code: 672-031-132

You will be charged for this call.
To connect you MUST HAVE the audio pin number shown after joining the webinar
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Today’s Webinar:

“Forecasting pH and aragonite saturation state in 
the Pacific Northwest: progress and needs”

Hosted by:



Jan Newton
Principal Oceanographer, 
University of Washington

- Affiliate Faculty
- NANOOS Director
- WA Ocean Acidification 

Center co-Director

Today’s Moderator:



Today’s format:
Jan: Brief introduction

Parker:
Forecast modeling and LiveOcean
Samantha:  
Seasonal forecasts and J-SCOPE
Joe: 
Perspectives on forecasting utility and needs for 
tribal resource management

Q&A
Adjourn

Thanks to Shallin Busch, PhD for assistance



Introducing our Featured Speakers
Parker MacCready

Professor, School of Oceanography, 
University of Washington

• Parker works to advance fundamental 
understanding of estuarine and coastal 
physical oceanography. 

• He works closely with biologists and 
chemists to link patterns of circulation and 
mixing to biogeochemical processes, such 
as ocean acidification, hypoxia, and harmful 
algal blooms. 

• With his colleagues, he creates realistic 
numerical simulations of coastal and 
estuarine waters, allowing an 
unprecedented exploration of these 
complex processes, particularly in the 
Pacific Northwest. 



Introducing our Featured Speakers
Samantha Siedlecki

Assistant Professor of Marine Sciences, 
University of Connecticut

• A biogeochemical oceanographer, Sam 
focuses on coastal regions investigating 
interdisciplinary processes controlling 
carbon dynamics. 

• Sam creates and modifies representations 
of biogeochemistry within numerical 
circulation models, for application to 
investigate processes and mechanisms or 
understand future scenarios. 

• Her current research is largely centered 
on forecasting and ocean acidification, 
determining what is important in order to 
improve forecasts.



Introducing our Featured Speakers

Joe Schumacker
Marine Resources Scientist, Quinault 
Department of Fisheries, Quinault Indian 
Nation

• Joe is a biologist working in partnership 
with tribal elders, managers, and the local 
fishing community on wise management of 
marine resources that have sustained 
Quinault Indians for millennia.

• Joe’s work focuses on knowing how multiple 
stressors, such as ocean acidification, 
hypoxia, sea-level rise, and a warming 
ocean, will affect fisheries species.

• Joe has strong knowledge in marine science 
and tribal treaty rights, both critical to 
resource management in Washington.



LiveOcean: A Daily Forecast Model 
of Biogeochemistry
in Pacific Northwest

Marine Waters 
• Parker MacCready
• Samantha Siedlecki
• Ryan McCabe
• Neil Banas



LiveOcean: Overview
• GOAL 1: Short-term forecasts of Aragonite 

saturation state & pH of waters entering 
shellfish growing areas

• GOAL 2: Short-term forecasts of 
Phytoplankton Blooms and Surface Water 
Advection from known Pseudo-nitzschia HAB 
Hotspots.

• MODEL: ROMS, 1.5 km grid, realistic tides, 
rivers, atmospheric forcing, and open ocean 
state

• RESULTS:
– 3-day forecasts of currents, temperature, salinity 

& biogeochemistry, including carbon (DIC, 
Alkalinity)

– Forecasts available daily: NANOOS NVS
– Automated Particle Tracking for HAB Bulletin
– Validation 2013-present



Forcing

• Atmosphere:  Hourly wind stress and heat fluxes from 
WRF 12 km Regional Forecast – Cliff Mass UW (4 km 
and better also available) [+3.5 days]

• Ocean: Daily currents, temperature, salinity, sea 
surface height from HYCOM (Global, Data-assimilative, 
hycom.org) [+8 days]

• Rivers: 15 in Salish Sea + Columbia River, from USGS, 
Environment Canada, and NOAA Northwest River 
Forecast Center, scaling factors from Ecology [+10 days]

• Tides: 8 constituents from TPXO7.2 Inverse Global Tidal 
Model (Egbert & Erofeeva 2002)



3-Day forecast appears daily on NANOOS NVS

Surface
Aragonite saturation state

for 2018.01.08



Automated Particle Tracking for MERHAB HAB Forecast
https://pm2.blob.core.windows.net/f[YYYYMMDD]/movie.mp4

https://pm2.blob.core.windows.net/f20170811/movie.mp4


Validation:

NOAA Cast 
Locations 

2016



Chemical Validation: NOAA Casts 2016



Validation:
OCNMS Mooring



Validation: OCNMS Mooring



Next Development: 500 m grid, 16 => 45 Rivers, extend N-S



Isaac Kaplan, Al Hermann, Nick Bond, 
Emily Norton, Jan Newton, Simone 

Alin, Richard Feely, Nina Bednarsek, 
Cheryl Morgan, Jennifer Fisher

Forecasts of Ocean 
Acidification in Washington 

and Oregon Waters

Samantha Siedlecki 



A lot of variability in corrosive water ( ! )

Feely et al, 2008

May, 2007

! time series from Newport, OR
January July December

Harris et al. 2013

upwelling season

Depth of !=1 along coast



Forecasts at varying time scales



• Observational network with real time data access capabilities.

• Working hindcast simulations - regional models that can predict 
oxygen and/or pH variability over timescale(s) of interest on the 
shelf, in the past

• Predictable winds in the region on the timescale(s) of interest in the 
global model used to drive the regional model

• Predictable SST in the region on timescale(s) of interest in the global 
model used to drive the regional model

• Stakeholder group(s) needs identified

• Metric of uncertainty 

• Continued testing and comparisons with observations on varying 
time and space scales…. because these are works in progress! 

Siedlecki et al. 2016; Hobday et al. 2016; Tommasi et al. 2017

What is needed to build a regional forecast 
system for ocean conditions?



Building a Seasonal 
Forecast System

Climate Forecast System (CFS) -  ocean 
boundary conditions and atmospheric forcing 
(Ocean: ~50km, Atm: ~200km resolution)

CFS + UW CMG regional ROMS-based 
model with biogeochemistry (~1.5 km 
resolution)

Empirical relationships from observations 
applied to the modeled fields to take those 
forecasts to the habitat indices:

• sardines (Kaplan et al, 2016;  
Zwolinski et al, 2010)

• hake (Malick et al. in prep)

• crab (Norton et al. in prep)

Modeled Bottom Oxygen (ml/l) Sept, 2009 Average
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also required of the benefits of coupling the atmo-
sphere to the ocean and the sea ice; but, at first blush, 
this aspect appears to have worked very well in the 
CFSR. The SST–precipitation correlation has improved 
in the tropics. Some problems related to executing the 
project in many streams (as is common to speed up 
the process) still exist. All subcomponents with longer 
time scales (such as the deep soil, deep ocean, and the 
top of the atmosphere) have discontinuities where one 
stream ends and the next one begins; this in spite of a 
full 1-yr overlap between the streams.

Future developments include the following three 
projects:

1) CFSR was conducted mainly to create initial 
conditions for the coupled atmosphere–ocean–
land–sea ice reforecasts of the CFS version 2 
forecast model, over the period of 1982–present. 
This project is underway at NCEP. The design of 
these reforecasts is as follows: From every fifth 
day in the calendar, there will be four 9-month 
“seasonal” forecasts from 0000, 0600, 1200, and 
1800 UTC. From every day, there will also be 

shorter predictions—one run to the first season 
(~123 days) at 0000 UTC and three runs to 45 days 
from 0600, 1200, and 1800 UTC. The emphasis 
on the shorter subseasonal predictions, for the 
MJO and week 3–6 forecasts, is to bridge the 
weather–climate gap and is the main reason for a 
high-resolution reanalysis to be conducted. There 
is consensus that, given a forecast model at a lower 
resolution (say T126), the skill of the forecasts 
benefits from the highest possible resolution of 
the initial state.

2) Given the pace of model and data assimilation 
development, we expect a new global reanalysis 
to be conducted at NCEP once every 7 years or 
so. However, there is serious thought being given 
to immediately conduct CFSRL: a “light” (with a 
reduced horizontal resolution of T126) version of 
the reanalysis that was just completed. It would be 
done in a single stream to overcome the disconti-
nuities found in the CFSR for the deep ocean, deep 
soil, and top of the atmosphere. It is possible that 
the CFSRL will be finished in 1 year, in time for 
CPC to use it when they change their climate nor-
mals to the last 30-yr period from 1981 to 2010.

3) A final activity to be conducted when the refore-
cast project is complete is to apply the reanalysis 
system, as used here, to the historical period of 
1948–78. The CFSR is the successor of R2, and, 
when extended back to 1948, will also be the 
successor of R1. It is possible this will be done in 
one-stream “light” mode.

ACKNOWLEDGMENTS. We acknowledge the U.S. 
Climate Program Office (reanalysis grant) for funding part 
of this project. We thank the staff of EMC, CPC, NCEP 
Central Operations (NCO), and NESDIS for their various 
contributions in completing this large endeavor in record 
time. We thank Kenneth E. Mitchell, now retired from 
NCEP/EMC, for his guidance in updating the land system 
used in the CFSR. We acknowledge the Geophysical Fluid 
Dynamical Laboratory (GFDL) for the ocean and sea ice 
model used in the CFSR. We thank George VandenBerghe, 
Carolyn Pasti, Doris Pan, Don Avart, Cameron Shelton, 
and others for their outstanding computer support. We 
acknowledge the efforts of Augustin Vintzileos (EMC) 
and Adrian Simmons (ECMWF) to give us the AMMA 
observations in time for use in the CFSR. The CFSR Science 
Advisory Board (chaired by Jeff Anderson) gave useful 
guidance at the start of the project. A very thorough and 
constructive internal review was provided by Glenn White 
(EMC). Reviews by Jeff Anderson, Michael Bosilovich, 
and Chet Ropelewski were very helpful. As with other 
reanalysis projects, this is the collective work of many 

FIG. 31. The (top) vertically averaged temperature (from 
the surface to 300-m depth) for CFSR for 1979–2008, 
and (bottom) differences between CFSR and observa-
tions from WOA05  (Locarnini et al. 2006). (Units: K)
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UW Cascadia Model setup 

http://faculty.washington.edu/pmacc/
cmg/cmg.html

and Giddings et al, 2014

Tools: Using a historical data set and modeled environmental ocean conditions,
we constructed a Generalized Linear Model (GLM) relating the two to understand
how megalopae habitat changes in time and space. This data set consisted of

observations of the density of Cancer magister megalopae
sampled along the west coast from 2009 to 2015 (Figure 1).
The historical data was provided by C. A. Morgan from
surveys funded by NOAA Fisheries and the Bonneville
Power Administration. Megalopae distribution data for 2016
was provided by NOAA Ocean
Acidification Program West
Coast Cruise. Environmental
ocean conditions were taken
from modeled fields provided
by the JISAO Seasonal Coastal
Ocean Prediction of the
Ecosystem (J-SCOPE). The J-SCOPE climatology and hind-
cast models provided temperature, salinity, dissolved oxygen 
concentration nitrate concentration phytoplankton 
concentration data for the area along the west coast where 

megalopae were retrieved. These environmental variables 
were integrated over 30m, the observed vertical migration 
range for megalopae. From the extracted environmental 
variables, two more were derived: 

Building The Model: The seven environmental variables were isolated in space to
match the locations of the megalopae. Then, the variables were fit in a principal component
analysis (PCA) to interpret if the variables were significantly influencing one another. As each
variable plotted in a unique direction on the PCA (Figure 3), 33 combinations of the variables were
constructed and tested in a binomial distribution Generalized Linear Model (GLM). The variable
combination with both the lowest Akaike Information Criterion (AIC) and Bayesian Information
Criterion (BIC) was used to train the GLM, along with the historical crab distribution data. The
Area Under the Curve (AUC) was calculated to determine the goodness of the model fit.

Discussion: As environmental variability is large in the coastal region, it is imperative to investigate how environmental changes are affecting 
a species as important to the U.S. seafood industry as Dungeness crab. With further development, the Generalized Linear Model could be a valuable tool
for forecasting Dungeness crab distribution in the region. The current GLM improved the forecasts of megalopae distribution by 10% above random. An 
exploration of representing abundance in ways other than presence or absence, and the testing of other 
variable combinations may improve the model fit.

Background: One of the most important species to the 
commercial fishing industry is the Dungeness crab. Due to the high 
demand for  the  shellfish delicacy, the west coast crab industry made a 
profit of nearly 170 million in 2014 alone. However, environmental 
changes may be a threat to the Dungeness Crab industry as exemplified by 
the toxic algae bloom in 2015, which was correlated to warmer ocean temperatures.

Forecasting the Effects of Environmental Changes on Dungeness Crab
Officer, S.1; Siedlecki, S. A.2; Kaplan, I.3; Hermann, A.2; Alin, S.3; Fisher, J. L.5; Bednarsek, N.2; Feely, R. A.4; Saenger, C.2; Morgan, C. A.5 ; Nguyen, T.2; Newton, J.6

1Whitman College; 2University of Washington-JISAO; NOAA3; NOAA-PMEL4 ; Cooperative Institute for Marine Resources Studies (CIMRS), Oregon State University5; APL, University of Washington6

GLM$Equation Forecasts

Figure 3: PCA (P=phytoplankton, 
N=nitrate , G=gradient, PA= percent of 
the water column with aragonite saturation 
less than one, S=salinity, T=temperature, 
and O=oxygen.

Life Cycle: Dungeness crab, Cancer magister, can be found from Alaska to 
Santa Barbara, California. The Dungeness crab experience several biological stages 
as shown by the cycle below. 
• Eggs are carried by female adult 

crab and are found off Washington 
and Oregon coasts between
October and March

• Adult crabs are found predominately at
depths between 30 and 90 meters

• Zoeae metamorphose 
into megalopae

• Megalopae move from off 
the shelf to nearshore waters
where they settle

• Megalopae are sensitive to waters 
where pH is less than 7.7

• Gradient was derived from surface temperature.
• The percent of the water column with the

aragonite saturation state being less the one,
calculated with an empirical relationship using
temperature and oxygen fields (Alin et al. 2012).

Figure 1: Distribution map of 
the historical crab data from 
2009-2015, scaled by density
and colored by year.

• Best Fitting Variable Combination:
• AIC of best model: 327.5653
• BIC of best model: 344.9685
• AUC of best model: 0.5768

Figure 2: Environmental maps from 2009-2014 hind-casts with
crab distribution from the same time period plotted on top.

P!"#"$%"&or A'#"$%" = 

($ )*+, ÷ . − )*+, =

−1.9714 + (0.23145×P) +
(0.054565 ×&S) + (−0.039531&×&N) +
(−0.0043195&×&A) + (−1.4362&×&G)

Where variables P=Phytoplankton, S=Salinity, 
N=Nitrate, A=%Arag<1, and G=Gradient are the 
environmental conditions of the year being forecasted. 

AUC=
0.6071

Predicted Presence
Predicted Absence Observed Presence

Observed Absence

Contact Information: Suzanna.Officer@gmail.com

Lighter shades correlate to more 
positive variable coefficients 

AUC=
0.5357

Modeled Ocean Conditions



JISAO’s Seasonal 
Coastal Ocean 

Prediction of the 
Ecosystem (J-SCOPE)

Siedlecki et al, 2016



example forecastExample Forecast - SST



example forecastExample Forecast Uncertainty -SST



2017	CE042	
Forecast	vs	Obs

OCNMS CE042 location 
2017 Obs (red) vs Forecasts



5 Month Forecast -Comparison with Data 

Data courtesy of NOAA-PMEL (Alin and Feely), preliminary

Model
WCOA  
2016  
cruise

Depth of the Ω Saturation Horizon



Siedlecki et al., 2016 Has Skill

Averaged over the upw
elling season

J-SCOPE Forecasts show ocean conditions are 
predictable on Seasonal Timescales

Check out our website: 
http://www.nanoos.org/products/j-scope/home.php

JISAO’s Seasonal Coastal Ocean 
Prediction of the Ecosystem (J-
SCOPE) 

We can forecast subsurface 
ocean conditions on seasonal 
timescales (2-4 months), for 
variables relevant to 
management decisions for 
fisheries, protected species and 
ecosystem health. 

Currently forecasting: 
•Temperature, salinity, 
chlorophyll, nitrate, oxygen, 
pH, !
•Sardine Habitat
•in prep: OA specific indices for 
crab, shellfish
•in prep: Hake habitat



Bednarsek et al., Sci. Rep., 2017

 
 

 

 

Fig. 3. On the right: Hovmöller diagram of spatial tracks and time history of aragonite saturation state for modeled particles released 
August 1 2013 along cross-shelf lines spanning 126.0°W to 123.5°W, and tracked both forward and backward for 2 months time 

Implications for Marine Food Webs - Pteropods

Pteropod
Photo: R. Hopcroft

Particles released along tracks where samples obtained 

Particles vertically migrate 

Particle tracks run forward and backward in time for 
30 days to calculated undersaturation days experienced
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Norton et al., in prep



Experiments with Seasonal Forecasts 
of ocean conditions in the Pacific 
Northwest to aid the crab fishery

Samantha Siedlecki 

Principal Investigators: Isaac Kaplan ( NOAA 
NWFSC), Nicholas Bond (JISAO, UW) Al

Hermann (JISAO, UW), Jan Newton (APL, UW), 
Mike Alexander (NOAA/ESRL), Simone

Alin (NOAA PMEL)
Advisory Council: Joe Schumacker (Quinault 

Department of Fisheries), Dan Ayers
(Washington Department of Fish and Wildlife), 

Kelly Corbett (Oregon Dept Fish and
Wildlife)



What could Coastal Ocean Predictions Offer Dungeness 
Crab Fishery Managers?

• Quantify the relationship between local environmental ocean conditions and three 
decision-oriented metrics from the crab fishery: (1) meat quality index (2) spatial 
variability in crab catch and abundance. (3) likelihood of summertime hypoxic 
events.



 Regional forecasts of ocean conditions have measurable skill on weather 
and seasonal timescales (including OA), for variables relevant to 
management decisions for fisheries, protected species and ecosystem 
health. 

Forecasting efforts are aided by a relationship with local stakeholders 
and a real-time observational network from the beginning - we need 
your help!

Expansion of forecasted fields to include OA indices allows us to 
develop decision relevant indices of environmental exposure

Long term monitoring is essential to establish these relationships 
between environmental variables and biological indices, but in the 
absence of data, a well validated model can be used as well.

Key Messages



Acknowledgements

Funding for J-SCOPE provided by NOAA Fisheries And The 
Environment (FATE) program and NOAA OAP and NOAA 

MAPP

For More Information

Please contact me at 
samantha.siedlecki@uconn.edu

or check out our website:
http://www.nanoos.org/products/j-scope/



–SYLV IA  EARLE

“I hope for your help to explore and protect the 
wild ocean in ways that will restore the health and, 
in so doing, secure hope for humankind. Health to 

the ocean means health for us.” 

Questions?



Quinault Indian Nation
The Quinault Indian 
Nation is one of four 
tribes on the coast of 
Washington State that 
have treaty reserved 
rights extending well 
into the ocean.

Those treaty fishing 
rights exist only within 
a legally defined area.

Dungeness crab fishing 
is primarily conducted 
in a smaller nearshore 
area within the treaty 
area.



Quinault Indian Nation Treaty Marine 

Fisheries - Commercial

Razor Clams Dungeness Crab

Sablefish Halibut

Sardines



And, of course, Salmon and Steelhead

Quinault Blueback Quinault Steelhead

Chinook Salmon

Coho Salmon



Species Vulnerabilities to OA

Dungeness Crab Pacific Razor Clams



Species Vulnerabilities to OA

Juvenile Salmon Prey

PteropodsZooplankton



Recurring Seasonal Hypoxia – Quinault 

Reservation Beaches



Thank You



A video archive and pdf of this webinar will available on 
the C-CAN website at the “workshop” page

• http://c-can.info/workshopswebinars/

Please contact Diane Pleschner-Steele at  
dplesch@gmail.com with any questions about C-CAN

http://c-can.msi.ucsb.edu/workshops
mailto:dplesch@gmail.com


Next Roundtable Discussion!
February 8, 2018 at 1 PM Pacific time

Summary of a Workshop on Monitoring for Acidification Threats 
in West Coast Estuaries: A San Francisco Bay Case Study

Registration and more info will be distributed via the C-CAN listserv 
shortly.  You can sign up by visiting the C-CAN News page

http://c-can.info/category/news/

http://c-can.msi.ucsb.edu/news
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