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Operational Observing in Coastal Oceans 

Sectors Served 
(sample from Journal of Operational Oceanography)

Required frequency of observations

• Numerical Weather Prediction

• Safe and Efficient Marine Operations

• Ocean and Climate Forecasting

• Eutrophication

• Coastal Flooding

• Reducing Public Health Risks

• Protecting and Restoring Ecosystem Health

• Controlling and Mitigating Natural Hazards

High-frequency, real-time Occasional surveys



Regional scale
observing system 
components

Functional regional 
scale observing 
system

Barriers to implementation

• Data access
• Societal need
• Development of community of 

practice
• Appropriate scale questions
• Resources for sustained & 

comprehensive use of all data

• Observing system components = many, varied
• Coverage = reasonable in many areas
• Functional integration = few success stories

Conclusion
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….an unfinished journey



Canada’s Pacific Coast Regions
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1. Salish Sea
2. Northern Shelf
3. West Coast Vancouver Island
4. Fjords and coastal inlets



Salish Sea



Northern Shelf



West Coast Vancouver Island

Cascadia subduction zone



Fjords & Coastal
Inlets



Coastal Ocean Monitoring Programs 
and Infrastructure 

• Fixed monitoring systems
– Permanent tide gauge network 
– Weather buoys
– DFO moorings
– Lighthouse program
– Ocean Networks Canada cabled observatories
– Hakai Institute observing systems 

• Vessel-based monitoring
– DFO monitoring cruises
– Hakai boat-based monitoring
– Pacific Salmon Foundation ‘Community Fishers’
– BC ferries
– Alaskan ferry 



Fixed Monitoring Systems



Tide Gauge Network324 ALEXANDER B. RABINOVICH AND FRED E. STEPHENSON

Figure 6. Spectra of background and storm sea-level oscillations on the B.C. coast (October
23–31, 2000). Periods (in min) of the main spectral peaks are indicated.



Weather Buoys
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Figure 32: A plot of temperature (degrees Celsius), dissolved oxygen (ml/L), and salinity recorded at 

the Scott2 CTD instrument mooring at a depth of 150m from July 2016 to July 2017. 
 

 

    There is an apparent relationship between all measured parameters at the Scott2 instrument 

mooring at a depth of 150m, marked by a correlation of low salinity and high dissolved oxygen 

as shown in Figure 32. From around late November through December, temperature also 

shows a relationship with the other parameters, specifically an increase at depth corresponding 

to an increase in dissolved oxygen and a decrease in salinity. The patterns observed in both 

the dissolved oxygen concentrations and salinity from late fall through to the spring are 

contrary to what is expected from a downwelling regime and stronger winds that would allow 

for a well-mixed water column (Figure 31). The deviations from this expected pattern can likely 

be explained by the presence of deep water intrusions.   

 

 

 

 

 

 

DFO Moorings
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INTRODUCTION 
 

 Observations of physical oceanographic conditions are continuously monitored along 

the western Canadian continental shelf using a series of moored instrumentation. The purpose 

of this analysis is to examine one year of the annual salinity, temperature and dissolved oxygen 

levels in southern coastal British Columbia. The moored instrumentation consists of five stations 

along the edge of the continental shelf (Figure 1), providing opportunity for comparison of data 

obtained from the mixed waters off the west coast of Vancouver Island. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1: Location of the mooring stations in coastal British Columbia and ocean bottom depth in meters. The 
five stations used in this analysis are along the edge of the continental shelf west of Vancouver Island (Scott 

2: Queen Charlotte Strait; Scott 1: Scott Islands; BP1: Brooks Peninsula; E1: Estevan Point; A1: Alberni Inlet). 

  

 



BC Lighthouse program
- daily temperature & salinity (bucket sample at high tide)



Ocean Networks Canada real-time 
cabled observing platforms



Ocean Networks Canada real-time 
cabled observing platforms



Hakai Institute 
observing systems

Cabled system on Quadra Island
- underwater and shore-based sensors



Vessel-Based Monitoring



DFO Surveys and Monitoring Cruises

Salish Sea

Northern Shelf

West Coast Vancouver Island

Fjords & Inlets



Hakai boat-based 
observing 
programs

• Central Coast
• Johnstone Strait
• Northern Salish Sea



Community Fishers - Pacific Salmon 
Foundation



BC Ferries - ONC
• Ferries transit through 

Fraser River plume 

• Strong CDOM and salinity 
gradient



Alaska State Ferry – Hakai

Temp., salinity, DO2, pCO2



Contribution of current observing systems 
and programs to operational observing needs 

for Canada’s Coastal Pacific
Operational Need Status Required observational time scale
Marine geohazard mitigation
- Earthquake early warning
- Tsunami detection
- Storm surge

Real-time, data assimilation by models
Real-time, data assimilation by models
Real-time, data assimilation by models

Maritime Safety
- Sea state Real-time or near-real time

Aquaculture & Public Health Daily to monthly

Marine Conservation
- MPA  & ecosystem health
- Whale protection

Annual to longer
Real-time to longer

Monitoring regional scale 
oceanographic processes Hourly to seasonal



Geohazard Mitigation
- Earthquake early warning

• System installation near completion
• Integration to emergency management TBD



Geohazard Mitigation
- Tsunami detection

WERA HF Radar
- experimental

Seafloor pressure recorders
(ONC NEPTUNE network)
- Data to Alaska Tsunami 
Warning Center

Tide gauge network



Geohazard Mitigation
- Storm surge

SalishSeaCast NEMO Model
(Susan Allen, UBC)



Maritime Safety – Sea State
General Marine Wind and Wave Forecasts
• Based on terrestrial observations and 

data from buoys
• Higher spatial and temporal resolution 

needed for some operational 
requirements
• BC Ferries sailing decisions
• Search and rescue
• Oil spill response



Maritime Safety – HF Radar 
Several systems operating or 
planned, but no operational uptake



HAB monitoring in the field
• Some localized sampling & monitoring by industry
• Research projects but no regional monitoring program
• Seasonal area closures

Aquaculture and Public Health



Marine Conservation 
- MPA & Ocean Health Monitoring

Ocean Health compilations MPA surveys but no monitoring programs

Glass Sponge Reef MPA



- Whale protection

AIS network

Marine Conservation

Underwater listening station

Monitoring capacity in place in critical 
areas
- AIS vessel traffic
- Hydrophone network
No operational use or integration…yet



Monitoring Regional Scale 
Oceanographic Processes

- warm blob comes to the coast

mouth of Rivers Inlet separates the deep fjord basin from Queen Charlotte Sound and the open ocean. Deep
water (defined here as water below the sill depth) in Rivers Inlet is renewed yearly when dominant winds off
Queen Charlotte Sound are upwelling-favorable from about April to September (Foreman et al., 2011).
Upwelling brings colder, denser subsurface water across the 150-km-wide continental shelf, which then
travels from Queen Charlotte Sound to Rivers Inlet, arriving from about June to September. The denser
upwelled water replaces the old bottom water, bringing colder, saltier water into the deep fjord (Farmer &
Freeland, 1983; Hodal, 2010). Annual upwelling-driven deep-water renewal is typical for many fjords in the
Pacific Northwest (Farmer & Freeland, 1983). Once home to the third largest sockeye salmon run in British
Columbia, Rivers Inlet experienced persistent low salmon abundance during the early 1990s that led to a
closure of the commercial fishery in 1996 (Mckinnell et al., 2001). It has yet to reopen.

Until at least June 2018, deep water below the sill depth in Rivers Inlet continued to be 0.3° to 0.6 °C warmer
than the monthly average, almost 4 years after the onset of The Blob, and 2 years after the end of the 2015/16
El Niño. To explain the persistence of the marine heatwave in the fjord deep waters, we analyze four datasets
—Argo (Jayne et al., 2017) float data from the Northeast Pacific, ship-based CTD (conductivity-temperature-
depth) data from Queen Charlotte Sound, ship-based CTD data from Rivers Inlet, and ship-based CTD data

Figure 1. Bathymetric map (blue colors) of Rivers Inlet (inset), Queen Charlotte Sound, and the adjacent Northeast Pacific
Ocean with locations of Argo profiles (small gray dots), Argo time series interpolation point (large gray circle), DFO CS
(magenta triangles), DFO2 (yellow dot), and Line P (green squares) data (see methods).
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Warming From Recent Marine Heatwave Lingers in Deep
British Columbia Fjord
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Abstract While satellite data indicate that the surface expression of the North Pacific marine heatwave,
nicknamed “The Blob,” disappeared in late 2016, Argo float and ship-based conductivity-temperature-depth
data show that warm conditions persisted below the surface mixed layer through at least March 2018. We
trace this anomalously warm subsurface water from the open ocean through Queen Charlotte Sound to
Rivers Inlet, on British Columbia’s central coast. In Rivers Inlet, deepwater below the sill depth continues to be 0.3°
to 0.6 °C warmer than the monthly average, suggesting that impacts of this marine heatwave have persisted
in coastal waters at least 4 years after its onset, with potentially substantial effects on coastal ecosystems.

Plain Language Summary The Northeast Pacific Ocean was affected by two warm water events,
the first was the 2013 to 2015 marine heatwave, nicknamed The Blob, and the second was the 2015 to
2016 El Niño. Surface satellite data have shown that the warm water was gone by 2016. Using temperature
data collected by ship and by autonomous robots, we find that abnormally warm water continues to exist
in the open ocean below the surface, at about 140-m depth. In the coastal ocean, we find that deep waters in
Rivers Inlet are still 0.3° to 0.6 °C warmer than normal, at least 4 years after The Blob was first observed.
This warm water could have a big impact on the Rivers Inlet ecosystem.

1. Introduction

During the boreal winter of 2013/2014, persistent anomalously high sea level pressure over the Northeast
Pacific Ocean decreased heat flux from the ocean to the atmosphere and weakened advection of cold water
from the north, leading to an offshore marine heatwave, “The Blob,” (Bond et al., 2015), that peaked in early
2014. Downwelling-favorable winds in the summer and autumn of 2014 advected warm anomalies from The
Blob toward the North American west coast (McCabe et al., 2016). A teleconnection between the weak
2014/2015 El Niño and the North Pacific likely contributed to anomalously high sea level and reduced winds,
evaporation, and thus further increased sea surface temperature through air-sea interactions (Di Lorenzo &
Mantua, 2016). Then during the winter of 2015/2016, one of the strongest El Niño events on record occurred
(Jacox et al., 2016). These events led to anomalously warm surface ocean temperatures impinging upon the
west coast of North America from around May 2014 through September 2016 (Gentemann et al., 2017).

This strong and extended Northeast Pacific marine heatwave exerted substantial impacts on marine ecosys-
tems. It altered phytoplankton composition (McCabe et al., 2016; Peterson et al., 2017) and abundance
(Cavole et al., 2016). It contributed to the largest recorded outbreak of the neurotoxin domoic acid
(McCabe et al., 2016). Off the Oregon (Peterson et al., 2017) and British Columbia (Galbraith et al., 2016)
coasts, the normally dominant cold water, lipid-rich copepods were replaced with warm-water species. The
loss of cold-water zooplankton species led to the starvation of thousands of Cassin’s Auklets off British
Columbia (Jones et al., 2018). Spawning phenology and distribution of anchovy and hake changed dramati-
cally during the marine heatwave (Auth et al., 2017). Salmon abundance within the California Current marine
ecosystem is expected to be reduced until at least 2019 due to poor ocean and stream conditions from 2014
to 2016 (Jacox et al., 2018).

North of Oregon, the Pacific coast features hundreds of fjords that support rich cold-water ecosystems. Fjords
are the life-support system of early life stages of salmon (Healey, 1982; Simenstad et al., 1982). Rivers Inlet,
located within Wuikinuxv Nation traditional territory, is a typical glacial-fed fjord on British Columbia’s central
coast (Figure 1) that is about 45 km long, 3 km wide, and 340 m deep. A 140-m (Pickard, 1961) sill at the
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Key Points:
• Subsurface water in the Northeast

Pacific Ocean is still anomalously
warm

• This warmth extends across Queen
Charlotte Sound to Rivers Inlet, a BC
fjord

• The prolonged warmth in coastal
waters may have substantial
ecological impacts
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Ocean Networks Canada cabled observatory
- Folger (100m depth)

Ocean Networks Canada cabled observatory
- Saanich Inlet (95m depth)

Folger SI

4 data sources



Data Access Challenge

• Fixed monitoring stations
– Permanent tide gauge network 
– Weather buoys
– DFO moorings
– Lighthouse program
– Ocean Networks Canada cabled observatories
– Hakai Institute observing systems 

• Vessel-based monitoring
– DFO monitoring cruises
– Hakai boat-based monitoring
– Pacific Salmon Foundation ‘Community Fishers’
– BC ferries
– Alaskan ferry 

Multiple operators, multiple monitoring systems, multiple databases



3 Initial Regional Organizations
- Pacific CIOOS
- St. Lawrence CIOOS
- Atlantic CIOOS

Data Access



Challenge – sorting through data 
archives

West Coast Vancouver Island

Historic Currently Active



Regional scale
observing system 
components

Functional regional 
scale observing 
system

Barriers to implementation
• Data access
• Societal need
• Development of a community of 

practice
• Appropriate scale questions
• Resources for sustained & 

comprehensive use of all data

• Observing system components = many, varied
• Coverage = reasonable in many areas
• Functional integration = few success stories

Conclusion






