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Coastal flooding* beyond what we 
have experienced historically is 
predicated on rising sea level 
• Modern sea levels began to rise in the mid-19th

century after many centuries with little change

• Globally, sea level rise averaged 1.8 ±0.2 mm/year 
during the 20th century (from analysis of tide 
gauges)

• In the recent decades (1993-2016) sea level rise  
has averaged 3.1 ±0.7 mm/yr

• But local relative sea level change is what 
matters

• This figure is difficult to establish because the 
land goes up and down too



Vancouver
1.28 mm/a

Victoria
0.72 mm/a

Local  rates of sea level rise

Cherry Point, WA, 0.4 mm/a

extreme El Nino



Relative sea level change on the 
British Columbia coast in the 20th century

Gauge Estimate
(mm/yr)

Vancouver Harbour 0.4   ?

Point Atkinson 1.2 ± 0.2

Tsawwassen 2.8 ± 3.4

Victoria 0.6 ± 0.3

Tofino -1.7 ± 0.6

Seattle 2.2 ± 0.2

Prince Rupert 1.0



tectonics

sea level rise
delta growth / 
settlement

Factors that complicate local, relative sea 
level



Shore/pier movement



Regional vertical 
motion of the crust:

south coast and 
Vancouver Island



Vertical movement in the Fraser delta and Vancouver

Mazotti et al., Geology (2009), their figure 2



Sensitivity of the British Columbia coast to sea level rise
and erosion



Prospective rates of sea level rise on the 
Lower Main land coast (to 2050)

Source Basis Rate (mm/yr)

Low           High

Glacier melt 56 mm/Co warming 
x 1 – 2Co  

1.1 2.2

Polar ice Extrapolation of recent 
melt history

0.7 1.9

Thermal 
expansion of 
sea water

Extrapolation of 20th

century rates
1.0 2.0

Land movement Tectonics, isostacy

Fraser delta settling

-1.0

0.7

1.0

1.4

Total Coast 
Fraser delta

1.8  
3.5

7.1
7.5



Estimated future sea level rise, BC coast
(Ausenco Sandwell (2011)

10 mm/a



The problem with polar ice

• polar ice has been a modest contributor to sea level 
rise in the past

• however, both Greenland and the West Antarctic ice 
sheets are partly marine-based, making them 
susceptible to rapid acceleration of ice discharge to the 
sea

• within the past two decades, acceleration of ice 
discharge (by 2-3x) from tidewater outlet glaciers of 
both ice masses has been observed

• it is increasingly apparent that this is a regime response 
to changing climate



Further considerations

• critical events are extreme high water events caused by 
the superposition of the largest spring tides, atmospheric 
pressure effects, storm surges, and waves

• trends are difficult to predict: extreme high water 
increased during the 20th century by

Point Atkinson 3.4 (1.2)

Vancouver Harbour 1.6 (0.4)

Tofino 0 (-1.7)

Victoria not detected (0.6)

These figures incorporate mean sea level change (which is 
given in the smaller figures)



More considerations

long-term transients occur: 

• mean sea level may vary on our coast by up to 20 
cm between El Nino winters and La Nina 
summers 

equivalent to 4 mm/yr secular change over 50 
years

• Very low frequency tidal components include an 
18.6 year oscillation may produce 10 – 20 cm 
variation in mean sea level on our coast

this component is produced by the interaction 
of lunar and solar orbits: the effect is equivalent 
to a 2-4 mm/yr secular change over 50 years



Yet more

severe short term transient and secular effects:

• a Cascadian tsunami could create up to est. 5 m 
waves on the exposed coast, with up to 3x 
amplification in inlets 

• and up to est. 1 m waves within the Strait of 
Georgia, + onshore runup

• a major earthquake could produce an abrupt rise 
of sea level of order 1 metre in the Strait of 
Georgia region



Implications

• Global sea level rise will probably fall within the range 3 
to 6 mm/a over the next 30 years

• On our coast, this will likely translate into rates between 
2 and 7 mm/a (where local land subsidence is occurring) 
mm/year for extreme high water

• These rates yield up to 35 cm rise (partly transient) by 
2050 and 56 cm by 2100

• Storm waves on high water may cause damage in the 
future if defenses are not eventually improved

• Rising sea levels may cause erosion on exposed 
sedimentary coasts

• Four distinct areas of impact may be recognized . . .



1) Fraser delta foreshores



2) Boundary Bay

From Delta Flood Protection  Strategy Update (2016)



3) Surrey floodplain

Vancouver Sun; 22 February, 2018



River flood levels within the 
reach of sea-level backwater 
will also be affected by the 
projected sea level rise and may 
have significant impacts

4) Fraser River flood levels

for 1 metre sea level rise

present  sea level



And the problem is now 

Thank you

13 January, 2019



Criteria for social sustainability

• Establish a programme to improve knowledge of 
trends in relative sea levels on the British 
Columbia coast

• Develop strategic community plans that recognize 
uncertainty in the projection of sea levels

• Adopt community development policies that 
encourage investments in structural protection 
and insurance in proportion to total investment

• Develop an effective plan for community response 
to a tsunami and to a major earthquake

• Adopt these policies soon


