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What’s happening?
New research by top climate scientists suggests that global sea level rise
could accelerate much faster than previously predicted.1 The lead author in
this work is Dr. James Hansen, who in 1981 published research in the journal
Science that foresaw human-caused global warming. Hansen, former head
of the NASA Goddard Institute for Space Studies in New York City, is renowned for his early (1980s) science-based insistence that global warming
trends could be attributed to human causes in addition to natural variation.
In 1988, Hansen testified to this effect before a U.S. Congressional committee,2 a bold move for the time.

Now cutting edge research from Hansen and others is telling us that we
could see several meters of sea level rise over the next 50 to 150 years because feedback mechanisms caused by melting ice in Greenland and Antarctica are amplifying and accelerating the melt.3 Making sense of paleoclimate
data (evidence of the earth’s past climate going back hundreds to millions
of years) is part of what’s behind these new models and projections. (Dr.
Hansen describes his work in this YouTube video.)
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Why is it important?
Why does sea level change?
Sea level is rising for several reasons – the principal reason is warming. This phenomenon is called thermal expansion. Warmer water simply takes up more space.
A second factor is the addition to ocean water from melting land-based ice. Further, regional variations to global sea level rise also occur in places including British Columbia. Finally, changes in sea level also result from vertical land movement
(VLM), at regional to local scales. VLM can be downward (i.e., subsidence) or upward
(i.e., uplift) which causes a relative rise or drop in sea levels, respectively.

Sea level is rising now – it’s not just in the future. The

WHY HAVE PROJECTIONS INCREASED?

speed at which this is happening is becoming much

New insights about the Antarctic and Greenland ice

better defined given advances in technology and in-

shelves9 suggest they are melting from underneath,

creasingly global coverage of gauges. As governments

where they meet a warming sea, as well as on the sur-

and scientists develop tools to better measure chan-

face (Figure 2). Forecasting sea level rise is far from

ges as they occur, models and projections are revised

simple and projections have large uncertainties asso-

(Figure 1).

ciated with them, but as scientists learn more about
the feedback mechanisms, the projected magnitude

As recently as February 2017, the U.S. National Oceanic

of sea level rise increases, as does the uncertainty

and Atmospheric Administration (NOAA) increased its

and range of possible values (Figure 1). Hansen and

projections of global sea level rise, estimating that by

his co-authors hypothesize that the accelerating rate

the year 2100, global sea levels could rise between 0.35

of ice mass loss due to feedback mechanisms is best

metres (one foot) and 2.5 metres (8.2 feet). The esti-

approximated by doubling the rate of loss every 10,

mates range because different climate scenarios make

20, or 40 years. Data collected by satellites are begin-

different assumptions about what efforts will be made

ning to show such accelerating rates of ice loss and sea

to reduce harmful carbon emissions that cause global

level rise (e.g., Figure 3), but satellites have not been

warming and rising seas. Just a decade ago, projections

collecting accurate data long enough to pinpoint the

for 2100 topped out at 0.6 metres, so the 2017 projection

rate of acceleration.

4

of up to 2.5 metres is a significant change (Figure 1).
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GLOBAL SEA LEVEL RISE PROJECTIONS
FOR THE YEAR 2100

Projected sea level rise (metres)
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Scientific reports
Projections published since 2012 do take melting ice sheets into account.
Figure 1. Projections of sea level rise vary depending on who publishes them, as they present the scientific consensus of different groups.
Both the low end and high end of projections are increasing as scientists learn more about how global climate systems work. Here, estimates
of the Intergovernmental Panel on Climate Change (IPCC) and the U.S. National Oceanic and Atmospheric Administration (NOAA) are shown.
Projections published in 2012, 2013, and 2017 do take melting ice sheets into account. These projections are anchored in 1980-1999, 1992, 19862005, and 2000, respectively. Sources: IPCC 20075; NOAA 20126; IPCC 20137; NOAA 20178
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Ice shelf melt feedback mechanisms
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Two feedback mechanisms that accelerate ice shelf melt:
1) As fresh water melts, it creates a layer of less dense fresh water sitting on top of heavier
salt water (orange arrows). This layering, called stratification, impacts larger ocean
circulation, reducing the turnover of Antarctic Bottom Water (darkest green arrows). This
traps heat delivered by North Atlantic Deep Water (light green arrows), and increasingly
delivers warmer water to the ice shelf edge in Antarctica, which increases melting.
2) The second mechanism depends upon whether precipitation lands on Antarctica as
snow, to add to the ice sheets, or if it falls on the area of expanding sea ice prior to reaching
landfall. This schematic shows that as the area of floating sea ice expands, due to increased
freshwater melting off the ice shelves, it cools the ocean mixed layer and more precipitation
falls before it reaches Antarctica adding volume to the ocean rather than the ice shelves.

Figure 2. Source: figure adapted from Hansen et al 2016, Figure 18, CC-BY.
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GLOBAL MEAN SEA LEVEL CHANGE
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Figure 3. Estimated global sea level change (millimetres) since 1990. Satellite data, available from 1992, suggest that the current rate is as high as
3.3 millimeters per year. Source: adapted from Hansen et al. 2016, Figure 29.

The impacts of rising sea levels range from major

In B.C., coastal erosion will increase (Figure 4) and an-

changes to our nearshore marine habitats and food

ticipated loss of wetland habitat would impact salmon,

webs, to catastrophic flooding that will affect millions

coastal birds, forage fish, and other coastal species.

of coastal residents globally by late this century. Re-

Approximately 80 percent of B.C.’s population resides

lated predictions include more powerful storms, re-

in coastal communities and many of our commercially

ferred to as “super storms,” which would increase

traded goods arrive through critical infrastructure (i.e.,

storm surge impacts on shorelines as well as create

airports, ports and ferry terminals) that line our shores

more hazardous shipping conditions. Ocean modelling

and are at risk of flooding (Figure 5). The general risks

work by the United States Geological Survey (USGS)

that climate change and rising seas present to differ-

projects an increase in storm frequency and extreme

ent regions of Canada’s west coast are summarized in

wave heights along the Pacific Coast, primarily north

a 2016 report, Canada’s Marine Coasts in a Changing

of about 50 degrees North latitude, which means much

Climate, published by the Government of Canada.13

10

11

of B.C. will experience larger coastal storms.12
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Is there a particular importance or
connection to First Nations?
Coastal First Nations are especially vulnerable to im-

Heaven, in Metlakatla Pass on the North Coast and

pacts of sea level rise including flooding and erosion.

rose alarmingly close to the Elders housing unit there

Harvesting of traditional seafood is often a coastal

(Figure 6). First Nations and archaeologists continue

activity. While specific impacts to nearshore resour-

to identify new cultural sites and make discoveries

ces are hard to predict, they will very likely affect the

that document the history of occupation and use of

availability of traditional food sources, particularly

the B.C. coast. The urgency around this work increases

where armoring and steep shorelines limit shore mi-

as ocean levels rise.

gration and where substrates will be modified (e.g.,
winnowed or coarsened). In addition, a large number

One area of the coast experiencing dramatic change

of cultural and archaeological sites sit in coastal areas

in recent years is the northeast coast of Haida Gwaii

and at low elevations. The impacts are already being

where the sandy bluffs are retreating at a rate of up to

felt, as waters from a high king tide in 2012 covered a

12 metres annually (Figure 7).14

unique cultural feature, called the Man Who Fell from

Figure 4. Signs of erosion along the coastal bluff on Denman Island on Nov. 17, 2012 during a king tide. (Photo: JohnMac2011, Flickr, CC BY-NC
2.0)
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Figure 5. Road infrastructure at risk during high king tide plus storm surge, Nov. 24, 2011 in Colwood, near Victoria, B.C. (Photo: Tina Neale,
Flickr, CC BY-NC-SA 2.0)

What is the current status?
The Pacific Coast of North America has experienced

metres rise between 2012 and 2016) and suggests that

relatively little sea level change since 1992 compared

trends for our coast are now closer to the global aver-

to some other coastlines around the world, according

age of 3.3 millimetres per year when the influence of

to satellite altimetry data from NOAA (Figure 8). Tide

regional circulation patterns are removed.17 Further,

gauge data for stations with long records at Seattle,

this faster rate of rise will likely persist in the coming

San Francisco, and San Diego shows trends that vary

years.18

15

over decades due to Pacific Ocean circulation patterns
including the Pacific Decadal Oscillation (PDO) and the

In 2014, Natural Resources Canada published projec-

annual El Niño Southern Oscillation (ENSO).

These

tions of sea level rise for 19 locations along the B.C.

data show a period of slow sea level rise from 1900 to

coast (Figure 9).19 These projections are dated and

1930, then faster rise mid-century between 1930 and

possibly conservative as they were released prior to

1980, and slow again until about 2005 (see Figure 1 in

recent discoveries concerning ice sheet melt, feedback

Bromirski et al 2011). However, follow-up work has

mechanisms, and the recent shift in the Pacific Ocean

identified a recent and significant increase in sea level

region.

16

along the West Coast of North America (i.e., 10 centi-
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Figure 6. Left: The Man Who Fell From Heaven is the most important
and well-known cultural feature in Metlakatla Pass; it is under
approximately three feet of water in this photo taken Dec. 12,
2012. Right: Elders Unit in Metlakatla, B.C. Dec 12, 2012. (Photos:
Metlakatla Guardians, Flickr, CC BY-NC-SA 2.0)

Figure 7. Receding bluffs in Naikoon Provincial Park, Northeast Graham Island, Haida Gwaii. (Photo: Christine Rondeau, Flickr, CC BY 2.0)
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Natural Resources Canada (NRCan) also developed

rently exists as to the localized effects of global sea

an index of sensitivity to sea level rise, and scored

level rise for the B.C. coast, taking into account ver-

Canada’s coastlines based on the degree to which a

tical land motions and recent changes in the regional

coastline may experience physical changes such as

rates of sea level rise.22 Research to model and com-

flooding, erosion, beach migration, and coastal dune

municate these localized effects, such as the U.S. Geo-

destabilization. In the 2009 analysis, Atlantic Canada

logical Survey is undertaking for the U.S. Pacific and

and parts of the Beaufort Sea coast were identified as

Arctic coasts,23 would be a valued contribution.

major regions of high sensitivity. Small areas of high
sensitivity occur in B.C. (Figure 10). The index is currently being updated. A gap in our knowledge cur-

Figure 8. Magnitude of sea level change observed between 1992 and 2016. Source: NOAA’s Laboratory for satellite imagery.
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PROJECTED SEA LEVEL RISE FOR
B.C. COASTAL COMMUNITIES BY 2100
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Figure 9. Projected sea level rise by 2100, relative to 1995, for 19 B.C. coastal locations. These projections are based on the IPCC 2013 extreme
scenario20 and GPS observations of vertical land motion, with an added 0.65 metres of global sea level rise anticipated from West Antarctic Ice
Sheet loss.21 Note that NOAA’s 2017 projections suggest that these projections, considered extreme in 2014, are now conservative. Source: Natural
Resources Canada, 2014.
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Figure 10. Areas in red were identified as highly sensitive to sea level rise in a 2009 analysis. Source: Natural Resources Canada

What is being done?
B.C. Government policy recommends planning for a

jected sea level change and account for a portion of

0.5-metre of rise by the year 2050, one metre by 2100

additional possible rise.25 New science suggests that

and two metres by 2200 (Figure 11).24 These guide-

may not be enough.

lines, released in 2011, were based on IPCC 2007 projections and are still in use, although the science is out

Professional engineers and planners are concerned

of date. The 2016 Government of Canada report, Can-

because city planning timeframes are decades long,

ada’s Marine Coasts in a Changing Climate, declared

and if sea levels are rising faster than B.C. guide-

that B.C.’s guidelines fully account for the range of

lines acknowledge, planning guidelines need to be

likely (i.e., 66 percent to 100 percent probability) pro-

re-evaluated.
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“If we plan for a faster rate of sea level rise and it ends up being slower, we’ll be okay, but if
we plan for the slower rate and sea level rises quickly, we are in trouble.”
– JOHN READSHAW, P. ENG., COASTAL ENGINEER, SNC LAVALIN26

In a May 2017 blog post, West Coast Environmental

jections conveyed in the report are based on the IPCC

Law voiced similar concerns that B.C.’s sea level rise

2013 global projections, and are outdated.

planning guidelines are out of date and lack a precautionary perspective.27

In an effort to raise awareness and provide tools to
build adaptive capacity for Canada’s southern coasts,

Environmental Reporting B.C. reported on a sea level

the Province of B.C. published a Sea Level Rise Adap-

rise indicator in 2016. The report illustrates current-

tation Primer in 2013.29 Adaptation strategies are gen-

ly observed sea level change for four B.C. coastal lo-

erally grouped into four categories that aim to pro-

cations with values ranging from -12 cm per century

tect, accommodate, retreat, or avoid. Adaptation tools

in Tofino to 13 cm per century in Prince Rupert. Pro-

discussed in the primer fit into five main categories

28

GLOBAL SEA LEVEL RISE PROJECTIONS
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Figure 11. Range of global sea level rise projections (IPCC 2007) and curve adopted for coastal development planning by B.C. government.
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including planning tools, regulatory tools, land-

At local and regional scales, efforts to communicate

use change or restriction tools, structural tools, and

and develop strategies and policies are common. Gov-

non-structural or soft-armouring measures. Follow-

ernments and associations are providing tools and en-

ing this, a case study undertaken by the B.C. Climate

gaging communities in adaptation planning. Some of

Action Secretariat, partnered with Natural Resources

these efforts are listed here:

Canada, examined the conditions that led to the successful integration of projected sea level rise science
into B.C. government policy.30

(BARC) program offers communities a comprehensive way to respond to the impacts of climate

In 2016, the Federal Government released a Canadian Extreme Water Level Adaptation Tool designed
primarily for DFO small craft harbours.31 The tool
provides future water level extremes, based on IPCC
2013 projections with vertical land movement added,
along with estimates of wave climate. However, in an
important note, planners are directed to the NOAA
2012 high scenario projections,

• The Building Adaptive & Resilient Communities

change, develop and implement an adaptation plan,
and protect their people, property, and prosperity.
Members of the BARC program, which provides
online tools and access to staff, currently includes
eight B.C. communities that are in different stages
of adaptation planning.
• Members include the Capital Region District,

which are more ex-

Delta, North Vancouver (City), North Vancouver

treme, when considering vertical allowance for critical

(District), Surrey, Vancouver, Metro Vancouver,

infrastructure, presumably for an added safety factor.

and Victoria.

32

Figure 12. Breach of the Ladner Dike with a projected 1.2 metres of sea Ievel rise by 2100, plus storm surge, plus high tide. Future high water level
of 4.16 metres, Delcan 2011. Source: Delta RAC, CC-BY-NC-ND
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• District of West Vancouver has been implementing

• BC Food and Agriculture Climate Action Initiative

a Shoreline Protection Plan, a form of adaptation,

develops tools and resources to enhance the abil-

for several years. Measures taken include enhancing

ity of the B.C. agriculture sector to adapt to climate

the foreshore and restoring materials lost to erosion

change. For example, understanding and adapting

over the years.

to anticipated flooding and changes in salinity levels

• Squamish is finalizing its Integrated Flood Hazard
Management Plan.
• Both the City of Surrey and the City of Delta are developing coastal flood adaptation strategies, taking
advantage of BARC, through Local Governments for
Sustainability.

in the Fraser River is essential for the future of food
production in Delta.
• City of Vancouver has undertaken a Coastal Flood
Risk and Consequence Assessment and has explored
a range of high-level adaptation options for floodprone areas of the city. The city is taking the next
steps to prioritize adaptation actions based on water

• The Delta-RAC Sea Level Rise Adaptation Visioning

level triggers and vulnerability. The flood construc-

Study (Delta-RAC) released in 2012 includes visual-

tion level in the flood-prone areas was raised by 1 m

izations of the future water levels under various cli-

in 2014 to enhance flood resilience.

mate scenarios that allow planners and community
members to better imagine and evaluate flood adaptation strategies (Figure 12).

• The Fraser Basin Council is active on regional flood
mitigation planning and many other issues.

Figure 13. The public outdoor pool in Kitsilano, Vancouver, on a regular day (left) and flooded by the high seas of a king tide in 2012 (right).
(Photos: left, Kyle Pearce, Flickr, CC BY-SA 2.0; right, City of Vancouver)
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What can you do?
Individual and Organization Actions:
• Inquire about your community’s planning for sea level rise. Make sure it is happening, get involved, learn the
risks, and voice your opinions.
• Spread the word that sea level rise is happening and we need to acknowledge and plan.
• Support or engage in studies to improve our understanding of how coastal impacts are going to affect ecosystem services people depend upon.
• Reduce your greenhouse gas emissions:
• Reduce your carbon footprint
• Insulate your home, check for drafts, lower your thermostat in the winter
• Consider an electric vehicle, car share, take transit or propel yourself
• Wash clothing in cool water and hang your clothes to dry
• For more tips see BC Hydro Power Smart
• Adopt green policies and practices within your organization.
• Raise awareness by continuing to post photos of king tides on social media using KingTidesBC and
#KingTides.

Government Actions and Policy:
• Work urgently to eliminate fossil fuel emissions, a major driver of climate change.
• Update federal sea level rise projections more frequently as climate science advances.
• Update provincial policy guidelines more frequently as climate science advances.
• Develop policies to limit development of critical infrastructure in projected flood zones.
• Support or engage in studies to improve our understanding of how coastal impacts are going to affect ecosystem services people depend upon.
• Communicate sea level rise projections and government policies and guidelines to Canadians.
• Begin planning for retreat of key facilities and infrastructure from high flood hazard areas at the end of their
service life.
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Resources
NASA’s earth minute on sea level rise
https://sealevel.nasa.gov/resources/72/nasas-earthminute-sea-level-rise
Salish Sea Storm Surge Forecast
https://salishsea.eos.ubc.ca/storm-surge/forecast.
html
See YaleEnvironment360 for a dated (2013) but
balanced discussion on the uncertainties and
challenges with predicting sea level rise. “The last
time the planet was steadily two degrees C warmer
than pre-industrial times, some 120,000 years ago,
sea levels were five to 10 meters higher than today.
It’s likely we’ll hit two degrees C of warming by
2100, unless we take extreme measures to mitigate
emissions.”
http://e360.yale.edu/features/rising_waters_how_
fast_and_how_far_will_sea_levels_rise

Puget Sound Coastal Storm Modelling System
https://walrus.wr.usgs.gov/coastal_processes/
cosmos/puget/index.html
10 things you should know about sea level rise
https://www.washingtonpost.com/news/capitalweather-gang/wp/2016/05/20/10-things-youshould-know-about-sea-level-rise-and-how-badit-could-be/?utm_term=.3fa64cc3b9eb
Blog by Deborah Carlson, Staff Counsel at West Coast
Environmental Law
https://www.wcel.org/blog/wading-science-sealevel-rise-bc-lags-behind
Natural Resources Canada Impact and Adaptation
website
http://www.nrcan.gc.ca/environment/impactsadaptation10761
and related Adaptation Library
http://www.adaptationlibrary.ca/

NOAA Tides and Currents
tidesandcurrents.noaa.gov/

Natural Resources Canada – Climate and Climaterelated Trends and Projections (last updated 2015)
www.nrcan.gc.ca/environment/resources/
publications/impacts-adaptation/reports/
assessments/2008/10261

NASA Sea Level Change website
https://sealevel.nasa.gov/
United States Geological Survey:
Wave and Wind Projections along United States
Coast
cmgwindwave.usgsportals.net/

Adaptation story from Puget Sound
https://www.eopugetsound.org/magazine/is/slr

Climate Change Impacts to the U.S. Pacific and
Arctic Coasts
https://walrus.wr.usgs.gov/climate-change/
lowNRG.html

Sea Level Rise | Page 297

OCEAN WATCH | B.C. Coast Edition

OCEANOGRAPHY AND CLIMATE CHANGE

Impacts of hard shorelines
Seagrass and marshes
absorb wave energy
and protect shoreline
against storms.

Seagrass and marshes
trap sediment from
upstream and create
more land.

NATURAL SHORELINE

Rising sea level

Seagrass provides
nursery habitat
for juvenile fish

Sediment from
upstream deposited
in deeper water
(no land created)

Intertidal beach
spawning habitat
for forage fish

Loss of protection from
wave and storm energy
impacts shoreline.

HARD SHORELINE

Rising sea level

Loss of seagrass
nursery habitat

Increased erosion
and loss of beach
spawning habitat
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Photo: Mubnii M., Flickr, CC BY-ND 2.0
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