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What’s happening?
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The ocean is on a warming trend. Globally, the surface ocean has been
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warming at a rate of 0.13 degrees Celsius per decade since 1981,1 and in 2016,
it was warmer than the average temperature for the 20th century by 0.75
degrees Celsius.2

Average sea surface temperature off the B.C. coast in 2016 was not quite as
warm as the two previous years, but it was 1 degree Celsius warmer than
the average temperature between 1981 and 2010 (Figure 1).3 While annual
average sea surface temperatures can vary from year to year, a warming
trend, averaging approximately 0.1 degrees Celsius per decade, is evident
from satellite data, available since 1981.

Daily observations made at lighthouse stations along the B.C. coast over the
previous 80 to 100 years also show long-term warming trends.

Temperature has been measured daily at Entrance Island since 1936. (Photo: Louise Janes,
Wikimedia Commons CC BY-SA 4.0)
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SEA SURFACE TEMPERATURE IN THE CANADIAN EEZ
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Figure 1. Annual average sea surface temperature in the Canadian Pacific Exclusive Economic Zone (EEZ) based on high resolution satellite data,
illustrated as differences from the recent 30-year (1981-2010) average value of 10.3 degrees Celsius (dotted horizontal line). The solid line shows a
warming trend of 0.1 degrees Celsius per decade, calculated over the entire time series (1981 to 2016). Source: National Oceanic and Atmospheric
Administration (NOAA).

Why is it important?
Ocean temperature, salinity, and chemical properties

ways. Temperature changes in particular may affect

like pH, a measure of acidity, tell us about the climate

the distribution and abundance, health, and phenol-

of the ocean. Species have long adapted to ocean cli-

ogy (timing of biologically important processes such

mates that are typical for the region where they live.

as blooms and migration) of marine organisms. These

Changes to ocean conditions that are outside of the

responses are complex and may be influenced by a

typical range of variability can affect species in many

number of other factors (e.g., time and space scales,
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species resilience, and addition of other pressures

than usual.5 Changes in geographic range have been

such as changes in predator-prey relationships and

observed for many terrestrial, freshwater and marine

human activities).

species, including Pacific salmon, sardines, anchovies,
and Pacific hake.6,7 Furthermore, species that have

For example, temperature is one of several factors that

evolved together may not respond to climate change

determine phytoplankton abundance and community

to the same extent and at the same rate, leading to

composition. In turn, the abundance, composition and

changes in predator-prey relationships and effects on

distribution patterns of phytoplankton affect all mar-

species composition that are difficult to predict.8,9

ine life through the marine food web.4 When the ocean
climate shifts to less productive conditions, the result

A recent study found that these unusually warm con-

is less food at the bottom of the food chain. Surface

ditions in 2015 compromised the immune system of

waters, being exposed to the sun, tend to warm faster

California sea lion pups, a predator at the top of the

than deeper waters. They are less dense and act like

food chain, providing more evidence that warmer

a cover layer above the colder, nutrient-rich waters,

temperatures have a ripple effect through the food

especially if there is little or no wind. When there is

chain.10 This also shows that marine organisms may

a large difference between the temperatures of water

become more vulnerable to other stressors due to cli-

at the surface and at depth, more energy is needed to

mate change. Conversely, the presence of other stres-

bring the colder waters and the nutrients necessary

sors such as pollution or other human disturbances

for phytoplankton growth to the surface.

can reduce the ability of the biological communities
to adapt to climate change.11 In B.C., the marine eco-

Changes in the marine ecosystem during unusually

system in areas such as the Strait of Georgia, which

warm events can provide some insight into the condi-

host an abundance of human activity, have been

tions that may prevail under projected climate change.

shown to be particularly vulnerable to climate change

For example, the increased stratification (separation

due to the presence of multiple other pressures.12

of warm and cold waters) and reduced mixing of nutrients due to warmer than average temperatures

Finally, warmer ocean temperatures have a direct ef-

played a role in creating conditions that resulted in

fect on sea level because the volume of water increases

lower phytoplankton levels in 2015. Due to the warm

as it warms causing sea levels to rise. Increases in sea

events in 2015 and 2016, zooplankton generally found

level13 will also amplify the risk of coastal flooding (see

on the south coast were observed much further north

Sea Level Rise article).
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Figure 2. Difference between 2016 average sea surface temperature and a recent 30-year average from 1981 to 2010. All differences are positive
meaning temperatures were consistently warmer in 2016. Sources: Sources: NOAA, Fisheries and Oceans Canada (DFO), and Environment and
Climate Change Canada (ECCC).
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What is the current status?
How warm was 2016 compared to recent history?
If we compare the annual average sea surface temper-

ferences ranging from about 0.5 to 1.5 degrees Celsius,

ature in 2016 to the average temperature over a recent

with the largest differences showing up on Dogfish

30-year baseline period between 1981 and 2010, we

Banks east of Haida Gwaii, in the middle of Hecate

find that temperatures in 2016 were warmer every-

Strait, and in the Broughton archipelago at the north

where in the Canadian Pacific Exclusive Economic

end of Johnstone Strait.

Zone (EEZ) (Figure 2). The spatial pattern shows dif14

How fast is the ocean warming?
The answer to that question depends on where exactly

Data from three lighthouse stations and two buoys

you take measurements and how far back in time you

also showed significant trends with a range in values.

go to estimate the rate of change. As shown in Figure 1
temperature does not steadily increase year after year

The trend at a buoy (46208) located west of Haida

but may be above or below average for several years

Gwaii shows a cooling trend over time between 1981

at a time. We looked for statistically significant trends

and 2016. While this may have been related to La Niña

between 1981 and 2016 and found the EEZ to be warm-

events which led to cooler than average surface waters

ing at about 0.1 degrees Celsius per decade (Figure 3).

between 2008 and 2012,15 it reminds us that the spatial
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Figure 3. Warming trends
from 1981 are statistically
significant for the whole
EEZ, three lighthouse
stations and two buoy
locations. Data sources:
NOAA, DFO, ECCC.
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YEARLY AVERAGE SEA SURFACE TEMPERATURE
IN THE CANADIAN PACIFIC EEZ
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Figure 4. Variability around the average sea surface temperature in the Canadian Pacific EEZ for each year from 1981 to 2016. The points and dark
line show the average for the Canadian EEZ from satellite data and the shaded area above and below shows the range of annual averages from
measurements at individual light stations and buoys. Data sources: NOAA, DFO and ECCC.

variation in sea surface temperature is considerable.

buoys where data are collected (Figure 4). Trend an-

In fact, looking at the time series of annual temper-

alysis is also sensitive to the values at the beginning

atures back to 1981, we see average values for the EEZ

and end of the observation period. For example, if we

ranging from nine degrees Celsius to about 12 degrees

considered the 30-year interval from 1983 to 2012, the

Celsius, and a much larger temperature range (sev-

trend in average sea surface temperature across the

en degrees Celsius to above 13 degrees Celsius) when

EEZ would be a decreasing one (Figure 4).

we consider values at the individual lighthouses and

Ocean Warming | Page 276

OCEAN WATCH | B.C. Coast Edition

OCEANOGRAPHY AND CLIMATE CHANGE

Is the warming evident in one season more than others?
When we examine daily temperatures, especially

ges from year to year. Furthermore, warming trends

the differences between 2016 daily values (averaged

have been observed in one or more seasons at most

across the EEZ) and average values for a recent 30-

of the DFO lighthouses in B.C. At stations with warm-

year period (1981-2010), we see that 2016 was warm-

ing in more than one season, the rate of warming was

er than the recent baseline almost every day, except

similar across seasons. These warmer than normal

a few days in very early August (Figure 5). Further, it

conditions are more likely due to large-scale oceanic

looks like the magnitude of the difference is greatest

events, such as El Niño rather than one season warm-

between January and mid-May. This pattern chan-

ing more than others.

DAILY SEA SURFACE TEMPERATURE
IN THE EEZ IN 2016
16
15

Temperature (˚C)

14
13
12
11
10
9
30-year average (1981–2010)

8
7

Difference between 2016 temperature
and 30-year average

Jan

Feb

Mar

Apr

May

Jun

Jul

Aug

Sep

Oct

Nov

Dec

2016
Figure 5. Daily sea surface temperatures illustrated as differences (orange bars) from a recent 30-year average (1981-2010) (solid line), show that
daily temperatures in 2016 were consistently warmer than the recent historical average. Source: NOAA satellite data.
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What is being done?
Fisheries and Oceans Canada (DFO) has numerous sci-

over the past 15 years.18 Daily observations of sea sur-

entists monitoring and reporting on ocean conditions

face temperatures continue to be made at lighthouse

through the State of the Pacific Ocean workshop and

stations along the B.C. coast, some starting over 100

report series. They track elements such as physical

years ago.

and biological conditions and select fishery resources
for the Canadian Pacific.16,17 Several DFO monitoring

Ocean Networks Canada monitors temperature and

programs have been ongoing for a long time. For ex-

other physical and chemical properties in real-time

ample, since 1956, a science vessel has been used to

to contribute to understanding human-induced chan-

collect physical, chemical and biological data three

ges in the marine ecosystem on the coast of British

times a year along Line P, a monitoring line extending

Columbia.19 They provide the data along with several

about 1,450 kilometres from the west end of Juan de

visualization tools free of charge for researchers and

Fuca Strait. DFO has also carried out a similar mon-

the public.

itoring program at about 80 stations in the Salish Sea

After a few big storms in December 2016, divers witnessed a huge influx of Giant fire salps, a deep water species (center of this photo), into
shallower waters. (Photo: Peter Mieras, Subvision Productions)
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The National Oceanic and Atmospheric Administration

Most of the countries that are part of the United Na-

(NOAA) in the U.S. provides many online resources

tions (including Canada) adopted the Paris Agreement

and tools. NOAA’s National Centers for Environment-

in December 2015. In the agreement, which came into

al Information monitors and assesses the state of the

force in November 2016, all countries committed to

earth’s climate in near real time and provides data and

work to limit global temperature rise.22

information on global and regional climate trends and
variability including comparisons to the climate of the

The Pacific Institute for Climate Solutions (PICS) con-

past. NOAA also releases a monthly summary of global

ducts research on the impacts of climate change and

climate-related occurrences.

approaches to mitigation and adaption with a focus on

20

B.C. in collaboration with civil society, governments
Two major groups in Oregon and Washington, the

and industry. They provide recommendations to B.C.

Oregon Climate Change Research Institute at Ore-

policy makers as well as educational tools for various

gon State University and the Climate Impacts Group

audiences.

at University of Washington, are actively researching
climate change in the Pacific Northwest. Among other

Both the federal and provincial governments have

things, they are looking at impacts on the oceans and

several initiatives to evaluate and prepare for the im-

coastal communities.

pacts of climate change. These include reporting on
climate trends and planning for adaptation and miti-

The Pacific Climate Impacts Consortium (PCIC)

gation.

provides practical information on climate variability
and impacts of climate change in our region through
tools such as Plan2Adapt and the Regional Analysis
Tool.21 They regularly release science briefs describing
modelled projections and their implications for B.C. in
non-scientific language.
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What can you do?
Individual and Organization Actions:
• Help prevent climate change by producing fewer greenhouse gasses. Adopt policies and practices within your
organization. Recommended actions include driving less, eating less meat and recycling.23
• Eat sustainable seafood24 to foster healthy and resilient fish populations.
• Learn more about climate change and its implications for B.C. from the Pacific Institute for Climate Solutions
online courses: Climate Insights 101.25

Government Actions and Policy:
• Incorporate latest climate change hazard assessments into emergency response planning.
• Protect any cold water “refugia” within rivers. Strengthen regulations that protect riparian areas along
streams to keep warming to a minimum.
• Acknowledge that diversity among salmon populations will be critical in helping salmon populations adapt to
future climate conditions and develop policy to maintain the diversity.
• Continue to develop monitoring programs in collaboration with non-governmental agencies to advance the
scientific understanding of the marine environment.

Resources
NANOOS: the Northwest Association of Networked
Ocean Observing Systems. NANOOS is part of the
Integrated Ocean Observing System (IOOS) and
provides information and products related to
weather and ocean data.
www.nanoos.org/home.php
https://ioos.noaa.gov/
Pacific Climate Impacts Consortium: The Pacific
Climate Impacts Consortium (PCIC) is a regional
climate service center at the University of Victoria
that provides practical information on the physical
impacts of climate variability and change in the
Pacific and Yukon Region of Canada.
https://www.pacificclimate.org/

Preparing for Climate Change – an implementation
guide for local governments in British Columbia.
wcel.org/sites/default/files/WCEL_climate_change_
FINAL.pdf
NOAA: National Centers for Environmental
Information
https://www.ncdc.noaa.gov/climate-monitoring/
The B.C government provides some information to
learn about climate change as well as support and
incentives for switching to cleaner energy sources.
climate.gov.bc.ca/home/get-involved/
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