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Climate Change
and Oceanography

Climate activist, Greta
Thunberg, speaking at the
World Economic Forum,
Davos, Switzerland, January
2019. (Credit: Flickr)
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Summary
In recent years, societal awareness of climate change and its pervasiveness has
increased dramatically. Harnessing that awareness and turning it into positive
action to reduce and eliminate carbon emissions is going to give our planet –
and our oceans – its best fighting chance.

Globally and locally, we are seeing direct impacts through rising sea levels,
warming ocean temperatures, ocean acidification, changing stream flows,
more intense storms, wildfires, droughts and floods. In addition, we are also
seeing indirect impacts, e.g., storms destroying eelgrass beds; salmon and
forage fish spawning habitat lost to coastal squeeze or washed away by floods,
resulting in low numbers for some species; the persistence of sea star wasting
disease with warming water temperatures.

Encouragingly, communities and citizen science groups are becoming even
more determined to protect species, habitats, and human communities in
the face of climate change. Notwithstanding this positive movement, further
actions are essential to protect our communities, oceans, and our planet. Recommended actions aimed at all levels of society, from the individual through
to federal government, are provided.

“You must unite behind the science. You must take
action. You must do the impossible. Because giving
up can never be an option.”
GRETA THUNBERG
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Ocean Watch Health Rating
HEALTHY 1) The status is healthy according to available data, 2) the trend is positive if known, 3) some data are
available, and/or 4) actions to address or mitigate are well underway and are known to be effective. Actions should be
taken to maintain positive status and/or trend.
CAUTION Status, trend, data, and/or actions provide contradictory or inconclusive information. Actions are needed to
move into positive status and trend and avoid negative status and trend.
CRITICAL 1) Impacts or issues are high risk or have resulted in a low or vulnerable status, 2) improvements are
uncertain, minor, or slow, and/or 3) actions to address or mitigate are non-existent, vague, or have low effectiveness.
Actions are needed to move into positive status and trend.
LIMITED DATA/ NOT RATED Not rated due to the nature of the article, or there are not enough data to produce an
assessment.

ARTICLE + 2020 RATIONALE

2017

CLIMATE CHANGE NEW
Climate change is a global issue, not just specific to Átl’ḵa7tsem/Txwnéwu7ts/Howe
Sound. The problems facing the Sound are complex and multi-faceted. Globally,
there is limited progress to reduce drivers of climate change.
ZERO CARBON COMMUNITIES NEW
Canada is one of the 10 countries responsible for the most greenhouse gas emissions
in the world. Not enough is being done to reduce these emissions nationally, or
globally. Transforming communities to zero carbon emissions is necessary.
OCEAN WARMING
Globally, record-breaking temperatures continue to occur, which directly impacts
ocean temperatures. Ocean warming is causing ecosystem-wide changes. Data
specific to Átl’ḵa7tsem/Txwnéwu7ts/Howe Sound is limited.
OCEAN ACIDIFICATION NEW
Ocean acidification has direct impacts on marine species and habitats. A lack of
data exists for Átl’ḵa7tsem/Txwnéwu7ts/Howe Sound, although monitoring is being
implemented to address this gap.
SHORELINE EROSION/ SEA LEVEL RISE
Sea level rise and storm surges will continue to negatively impact shorelines in
Átl’ḵa7tsem/Txwnéwu7ts/Howe Sound; however, the degree of impact will vary
depending on location in the Sound.
STREAM FLOWS
Large interannual variations are observed. A shift in timing of peak flows will have
effects on other species.
SQUAMISH FLOOD PLANNING
Significant progress has been made on the recommended actions from the 2017
report; however, there is still considerable work to be done, and that relies on
funding and implementation continuing.
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Climate Change in the
Átl’ḵa7tsem / Txwnéwu7ts/
Howe Sound Region
“Our dependency on the earth to ensure life for all resources, animals and human beings has
been taught through the generations.”
Kúkwpi Ta ́ ́ya (CHIEF LEONARD ANDREW), Líl̓wat NATION

FROM “WHERE RIVERS, MOUNTAINS AND PEOPLE MEET”.
REPRODUCED WITH PERMISSION FROM THE SQUAMISH Líl̓wat CULTURAL CENTER

AUTHOR

Climate change refers to shifts in long-term (i.e., 30 years or greater) pat-

Ian Picketts, Professor, Quest
University Canada

terns of weather, including variations in temperatures, precipitation levels

REVIEWER
Thomas Pedersen, Professor Emeritus,
School of Earth and Ocean Sciences,
University of Victoria; Chair, Canadian
Climate Forum, Canada

and/or extreme weather events. And while climate changes naturally over
long periods, it is now clear that human activities have been responsible for
the majority of warming experienced over the past 150 yearsi.1

Increasing concentrations of greenhouse gases (GHG) in our atmosphere,
most notably carbon dioxide (CO2)ii – along with land use changes such
as urbanization, affecting how much carbon natural systems can remove
from the atmosphere – have been quickly changing Earth’s climate in recent times. GHGs do not interact with shortwave radiation (or light energy)
coming from the Sun to Earth. The Earth converts this light energy into
longwave radiation (or heat energy). When heat moves away from the Earth,
GHGs absorb and quickly re-emit some of this outgoing longwave radiation.
In other words, these gases trap heat and lead to a warmer planet. This phenomenon is known as the greenhouse effect, which is natural and essential
for sustaining life as we know it on our planet.

i)

The Intergovernmental Panel on Climate Change (IPCC) states that the level of likelihood of
this statement being true is greater than 95%.

ii)

Other GHGs emitted by human activities include methane, nitrous oxide and
hydrofluorocarbons (HFCs).
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HISTORICAL ATMOSPHERIC CO2 CONCENTRATIONS
Latest CO2 reading

412.69 ppm
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Figure 1. Historical atmospheric CO2 concentrations from 10,000 years ago until present. Current levels are measured at the Mauno Loa
observatory on Hawai’i. Go to https://scripps.ucsd.edu/programs/keelingcurve/ to see the real time concentration.

Recent (i.e., post-1950s) atmospheric CO2 levels have

Many aspects of the climate system are highly com-

increased dramatically compared to historical levels

plex and uncertain, and some are still not fully under-

over the last 10,000 years (Figure 1). In 2016, CO2 lev-

stood. However, the reality of anthropogeniciii climate

els in the atmosphere surpassed 400 ppm and failed

change is simply scientific fact. A full discussion of

to return below this value. This is the first time this

energy budgets, GHGs, the greenhouse effect, posi-

has occurred in the last 800,000 years , and likely the

tive feedback cyclesiv and other relevant concepts can

first time it has occurred since the Pliocene Epoch

be found in excellent and readily available climate

(between 2.6 and 5.3 million years ago).

change resources (see Resources).

2

3

iii)

Anthropogenic – human-caused.

iv)

Positive feedback cycles – cycles that amplify the warming effects of increased GHGs. Common feedbacks include water vapour (which is a GHG
that increases in concentration as air temperatures increase); albedo feedbacks (i.e., less snow and ice makes the earth less reflective allowing
more heat to be absorbed by the oceans); forest fires; permafrost melting; and loss of ocean life.
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Past climate change
Reliable global temperature information has been

closer to the equator. Most inland areas have warmed

available since approximately 1880, at which point

faster than coastal areas in part because oceans are

there were enough weather stations around the world

a large heat sink. For example, northeastern B.C. has

to confidently estimate global temperatures. Older

experienced greater average temperature increases

records exist (both human records and paleoclimate

than Vancouver Island.

data ), but these involve greater uncertainties. Since
v

pre-industrial times, average global temperatures

Average air temperatures in Canada have increased by

have risen by approximately 1.0°C. Northern areas,

approximately double the global average.5 Since 1900,

such as the Canadian Arctic, have warmed, and con-

air temperatures in southwestern B.C. have increased

tinue to warm, considerably faster compared to areas

by approximately 1.2°C, with winter temperatures

4

School strike for climate change, Vancouver, B.C., September 27, 2019. (Credit: Brett Vo)

v)

Paleoclimate data – information about the climate at any given time in the past. These data can come from tree rings, ice cores, sediment
samples, and other evidentiary sources.
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(Figure 2, top) increasing faster than summer tem-

Overall, data for B.C. indicate a precipitation increase

peratures (Figure 2, bottom). Additionally, the rate of

of approximately 5%.7 Historical trends in winter

temperature increase has been occurring faster since

(Figure 3, top) and summer precipitation (Figure 3,

1951 (red lines in Figure 2) in both winter and summer.

bottom) show an increase in precipitation overall, but
since 1951, there has been a decrease in winter pre-

Precipitation is much more variable compared to tem-

cipitation (blue lines). There is low confidence in these

perature because it can change considerably between

trends because of such factors as noted above (e.g.,

nearby locations and can vary greatly from year to

annual and geographical variation). Climate change

year. This makes it hard to discern clear trends. How-

also affects the phase of precipitation: more rain and

ever, precipitation has generally increased globally

less snow have implications for snowpack, aquifers

over the past 100 years, partially because a warmer

and stream flows.

atmosphere holds more water vapour.6 Specifically, in
the Pacific Northwest, part of the difficulty in meas-

Ocean temperatures are also increasing (see Ocean

uring precipitation changes is that there are major

Warming, OWHS 2020). Thermal expansionviii and

climatic cycles, namely the El Niño Southern Oscilla-

melting glaciers are driving sea level rise (see Shore-

tionvi and the Pacific Decadal Oscillationvii, that cause

line Erosion, OWHS 2020). With increased atmospher-

significant variations in precipitation levels.

ic CO2 concentrations, oceans are also becoming more
acidic (see Ocean Acidification, OWHS 2020). Ocean
acidification is a separate issue from climate change,
but both are linked to increases in CO2.

vi)

El Niño Southern Oscillation (ENSO) – irregular, periodic variations in wind and sea surface temperatures over much of the Pacific Ocean, which
impact climate in surrounding areas.

vii) Pacific Decadal Oscillation (PDO) – a recurring pattern of ocean-atmosphere climate variability centred over the Pacific basin.
viii) Thermal expansion – water increases in volume as it warms.
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HISTORIC WINTER + SUMMER AIR TEMPERATURES
FOR THE SOUTHERN BC COAST
1901–2009 trend
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Figure 2. Historical winter (top) and summer (bottom) air temperature time series for the south coast region of B.C., which includes Átl’ḵa7tsem/
Txwnéwu7ts/Howe Sound. (Adapted with permission from PCIC, 2013).
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HISTORIC WINTER + SUMMER PRECIPITATION
FOR THE SOUTHERN BC COAST
1901–2009 trend

Precipitation (mm)

OBSERVED PRECIPITATION

600

Winter precipitation

400

200

0
1900

Precipitation (mm)

1951–2009 trend

600

1910

1920

1930

1940

1950

1960

1970

1980

1990

2000

2010

1950

1960

1970

1980

1990

2000

2010

Summer precipitation

400

200

0
1900

1910

1920

1930

1940

Year
Figure 3. Historical winter (top) and summer (bottom) precipitation for the South Coast region of B.C., which includes Átl’ḵa7tsem/Txwnéwu7ts/
Howe Sound. (Adapted with permission from PCIC, 2013).
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Future climate change
Projecting future climate changes is a complex and

significant global efforts to reduce GHG emissions.

uncertain undertaking. The best tools available for

By contrast, RCP 8.5 (Figure 4, red line) is “business

projecting future climates are global climate models

as usual” scenario, where humanity continues to rely

(GCMs). These are mathematical representations of

heavily on fossil fuels and there is little international

the global climate system based on well-established

cooperation regarding climate change.8

physical and chemical principles. They are now so
comprehensive they require super-computing capaci-

The evidence is clear that global warming is happen-

ties to run.

ing and will continue; however, how much warming
will occur in the coming decades depends on us (Fig-

Once a model has been established and tested, differ-

ure 4). It is impossible to state definitively what is a

ent scenarios can be run to provide estimates of fu-

“maximum acceptable” level of warming. Many sci-

ture climate conditions, for example, average and ex-

entists and governments believe that 1.5°C is a max-

tremes in temperatures and precipitation levels. The

imum “safe” acceptable threshold, while some main-

scenarios run in these models differ primarily in how

tain that 2°C is appropriate. However, changes beyond

many GHGs humans emit and therefore give different

2°C will result in impacts that are very damaging, and

projections of climatic conditions. Models may (and

adaptation will be either difficult or impossible. Even

do) differ in how they represent various processes

a 1.5°C increase in average temperatures will lead to

(such as how clouds form). Such slight mathematical

substantial stress on many ecosystems, impacts on

nuances account for the differences in projections for

resources and huge consequences for many people

the same scenarios (illustrated by the shaded areas in

around the world. Unfortunately, the most vulnerable

Figure 4).

human populations are typically the least wealthy.
Perhaps ironically, it is these people who have the

Some predicted results from the Intergovernmental

lowest carbon footprints and have contributed the

Panel on Climate Change (IPCC) have come from mul-

least to climate change.

tiple GCMs and consider two emissions scenarios.
Based on this work, the future projected changes in

How climate change is expected to continue specific-

temperature until the year 2100, relative to the base-

ally in the B.C. South Coast region has been analyzed

line average (1986 to 2005), are shown (Figure 4).

with outputs from a suite of 30 GCMs, run using mul-

The Representative Concentration Pathway (RCP) 2.6

tiple emissions scenarios.7 The medianix, or average,

scenario (Figure 4, blue line) envisions a world with

values (and the 10th to 90th percentilex range of pro-

ix)

Median – when data points are arranged in order, the median value is that which falls in the middle.

x)

90th percentile – larger than 90% of the datapoints; 10th percentile – larger than 10% of the data points.
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jections) are shown below for both temperature and

Not surprisingly, precipitation falling as snow in win-

precipitation. Future projections indicate that the re-

ter is projected to decrease substantially due to warm-

gion will:

er temperatures.

• warm by approximately 1.7°C (from 1.1 to 2.5°C) in
the 2050s, compared to the 1961-1990 baseline;

When thinking about projected changes, it is important to consider and plan for a range of potential future

• become 6% wetter annually in the 2050s, compared

scenarios. This helps decision makers prepare for un-

to the 1961-1990 baseline. Increases are projected

certainty, and also encourages people to build resili-

for winter of 11%, while decreases are projected for

ence into their systems.

summer of 2%.

GLOBAL AVERAGE SURFACE TEMPERATURE CHANGE
6

Historical temperatures

Temperature (ºC)

Scenario RCP 2.6
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Year
Figure 4. Past (1950-2005) and projected future (2005-2100) temperature changes using a suite of GCM models and two emissions scenarios
(RCPs 2.6 and 8.5) relative to the 1986-2005 baseline (from IPCC 2013). In 2100, the RCP 2.6 scenario is approximately 1.5°C above preindustrial
temperatures, whereas the RCP 8.5 scenario is 3°C higher, being approximately 4.5°C above preindustrial temperatures. These two scenarios
represent substantially different futures with severe global implications. The two scenarios do not start to differ significantly for another 20
to 30 years, around 2050. This is because there are already a lot of GHGs in the atmosphere that will continue to warm the climate for some
time, regardless of what action is taken. However, after 2050, the consequences of our actions become apparent as these two scenarios diverge
significantly. The shaded areas around the blue and red lines account for differences in projections for the same scenario because of different
models used.
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Wildfire smoke at the Sea to Sky Gondola. (Credit: Tracey Saxby)

Extreme weather
Climate change does not just mean shifts in averages,

projection information for the Lower Mainland.9 Two

but also how often extreme events may occur, and how

noteworthy results for the Vancouver area include:

extreme they may be. Extreme events may include
very warm weather, heavy precipitation events, floods
and droughts, as well as wildfires (which relate to
changes in temperature and precipitation). Projecting
shifts in extremes is complex, but a recent study focused on climate change and health includes extensive

• the number of summer days above 30°C are projected to increase from two days currently to 12 days
in 2050;
• the wettest day of the year is expected to deliver 11%
more precipitation than it does currently.
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Climate change impacts
The changes discussed above will have far-reaching

Recently, researchers and the District of Squamish

impacts both globally and on local scales, such as in

partnered to explore what the impacts of climate

the Átl’ḵa7tsem/Txwnéwu7ts/Howe Sound region.

change will be in the municipality.10 The near-term

It is important to remember that an “impact” does

(i.e., urgent) and long-term (i.e., not urgent but

not necessarily have to be negative. However, there

important to consider) impacts in Sḵwx̱wú7mesh/

will likely be more negative than positive impacts

Squamish are summarized below (Table 1). Although

associated with climate change because both human

the study did not encompass the entire Átl’ḵa7tsem/

and natural systems are designed for a current par-

Txwnéwu7ts/Howe Sound area, the results are likely

ticular set of conditions, such as temperature and

to represent the regional impacts. The focus of this

precipitation. The impacts of changes to climate de-

work was the Squamish Municipality, so many eco-

pend heavily on the local and regional contexts. What

logical impacts may be underrepresented or missing.

infrastructure is there currently, and how important
is it? How resilient are established systems, biological, physical and social? How much capacity do people
have to adapt to change?

Wildfire smoke in Squamish. (Credit: Tracey Saxby)
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Table 1. Overview of impacts in the District of Squamish. Summarized from Picketts and Hamilton (2016)10.

IMPACT

DESCRIPTION OF IMPACT AND POTENTIAL ADAPTATION ACTIONS

NEAR TERM PRIORITIES

Sea level rise (SLR)

The B.C. Government recommends that communities plan for 1 m of SLR by
2100. This level does not consider storm surge flooding.
Adaptation approaches relate to protection (e.g., dikes), accommodation (e.g.,
flood-proofing buildings), retreating (e.g., relocating away from vulnerable
areas) and avoiding (e.g., not developing vulnerable areas).

Increased forest fires

Forest fires are increasing in frequency and size in Canada and B.C. due to
increased temperatures, changing precipitation and other factors.
Adaptation approaches relate to enhanced understanding, identifying high
hazard areas and making properties more ‘fire smart’.

Extreme precipitation

Climate change is intensifying the hydrological cycle, resulting in more extreme
precipitation events that are outside of a normal range.
Adaptation approaches relate to infrastructure design and maintenance, and
determining if design standards must be changed to account for projected shifts.

LONG TERM PRIORITIES

Changing river flows

It is difficult to understand the relationship between climate change and river
flows (flooding has been increasing in some but not all rivers). More research is
needed to determine how to proceed.

Water supply vulnerability

Climate change affects water supply in terms of both quantity and quality. Water
conservation is an excellent strategy to address both adaptation and mitigation.

Economic development

Climate has important links to natural resource operations, agriculture,
recreation and tourism. Both positive and negative impacts may arise.

Food security

Climate change interacts with food security through ecological impacts (e.g.,
salmon populations), temperature change (e.g., growing seasons and water
demands) and extreme events (e.g., droughts).

Health

Climate change poses both long-term health risks (e.g., air quality and disease
vectors) and short-term health risks (e.g., heat waves and fires).
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Climate change responses
It is important to consider how climate will change

there is a level of continued change that will occur regard-

and what can be done to prepare for, adjust to and

less of even the most ambitious GHG reductions.) There-

avoid these changes. There are three principle human

fore, climate change adaptation is required. That be-

responses to climate change:

ing said, adaptation on its own is not sufficient: there

1. Climate change adaptation

is fundamen-

tally a process of managing the risks and opportunities brought by climate change and preparing
for uncertainty. Adaptation can happen reactively
but is generally more effective, less costly and less
risky when proactive measures are taken.

is simply no way that certain systems can adapt to
high levels of change. For example, a community may
be able to accommodate 1 m of sea level rise, but many
areas just could not withstand 3 m of sea level rise.
Beyond certain thresholds, a significant percentage of
plant and animal species will also face extinction.

2. Climate change mitigation focuses on how

Geoengineering is still in its infancy, but it may

humans can decrease their long-term effect on

emerge as another response to climate change along-

the climate. This is accomplished primarily by

side significant mitigation and adaptation options.

reducing GHG emissions and enhancing Earth’s

Even strong proponents of geoengineering caution

natural abilities to sequester GHGs.

people not to view this response as a panacea – it

3. Geoengineering,

or direct interference with

(aka manipulation of) the climate system to either
lower atmospheric GHG concentrations or reduce
incoming solar radiation.

may only help us to avoid some impacts as we strive
to meet ambitious mitigation targets. Moreover, it
carries with it a “moral hazard,” that is, society continues to burn fossil fuels and emit carbon dioxide
(thus, for example, exacerbating ocean acidification as

We are now at a point in time where the negative

CO2 dissolves in seawater) even while geoengineering

impacts of climate change cannot be avoided solely

activity – such as reflecting sunlight back to space —

through effective mitigation. (Recall from Figure 4 that

is put in place to lower Earth’s average temperature.

What can you do?
A detailed overview of recommended actions relating to climate change is included in The path to zero carbon municipalities (OWHS 2020).
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Resources
This list is not intended to be exhaustive. Omission of a resource does not preclude it from having value.

Natural Resources Canada is leading a national
assessment of climate change in Canada. The recent
“Canada’s Changing Climate Report” (Bush and
Lemmen 2019) is available from: https://www.nrcan.
gc.ca/sites/www.nrcan.gc.ca/files/energy/Climatechange/pdf/CCCR_FULLREPORT-EN-FINAL.pdf
The Intergovernmental Panel on Climate Change
(IPCC) is a United Nations body that summarizes and
synthesizes the state of knowledge about climate
change globally. Find their full assessments and
other reports at: https://www.ipcc.ch/

The Pacific Institute for Climate Solutions (PICS) has
many educational and informative resources about
climate change in B.C. that can be accessed here:
https://pics.uvic.ca/
The Pacific Climate Impacts Consortium provides
practical climatic information about climate change,
models, variability and impacts, available from:
https://www.pacificclimate.org/
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What is happening?
We are facing a climate emergency
In October 2018, the Intergovernmental Panel on Climate Change (IPCC)
warned that we must take significant action by 2030 in order to limit warming to 1.5° Celsius (C) to avoid worsening the long-lasting and irreversible
impacts of climate change. A rapid, far-reaching culture shift is necessary to
immediately reduce greenhouse gas (GHG) emissions and minimize impacts
on ecosystems and human health.1

The growing scientific evidence for climate change is finally having a global
social response. In September 2019, more than 6 million people2 participated in a global climate strike. Inspired by Greta Thunberg’s “Skolstrejk för
klimatet” (school strike for climate), strikes took place in more than 4,500
locations in 150 countries.3 Youth are drawing attention to issues of moral
responsibility and social justice, highlighting that climate disruptions are

Over 100,000 people gathered in Vancouver B.C. for the global climate strike on 27 September
2019. (Credit: Dr. Timothy J. Raybould)
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putting billions of people at risk, and disproportion-

More than 475 communities across Canada declared a

ately harming the youngest, poorest, and most vul-

climate emergency in 2019, including the City of Van-

nerable people who have contributed the least to the

couver, Richmond, Islands Trust Council, Squamish,

problem.4

North Vancouver, West Vancouver, Burnaby, Bowen
Island, and Surrey.6

In November 2019, more than 11,000 scientists signed
a declaration stating that:

The Federal government has also declared a national climate emergency, describing climate change as a
“real and urgent crisis, driven by human activity, that im-

“Scientists have a moral obligation to
clearly warn humanity of any catastrophic threat and to ‘tell it like it is.’

pacts the environment, biodiversity, Canadians’ health and
the Canadian economy” and committing to meet the
Paris Agreement targets, as well as deeper reductions
to keep global warming below 1.5°C.7

On the basis of this obligation and the
graphical indicators presented below,

Skwxwú7mesh Úxwumixw/Squamish Nation has also

we declare, with more than 11,000

declared a climate emergency, and has committed

scientist signatories from around the

to advocate to all levels of government for climate

world, clearly and unequivocally that

actions that will reduce Canada’s carbon emissions by

planet Earth is facing a climate emergency.”

40–60% below 2010 levels by 2030 and to achieve net
zero by 2050, to meet the requirements for a stable
climate as outlined in the Intergovernmental Panel on

WILLIAM J. RIPPLE, CHRISTOPHER
WOLF, THOMAS M. NEWSOME, PHOEBE
BARNARD, WILLIAM R. MOOMAW, AND
11,258 SCIENTIST SIGNATORIES FROM
153 COUNTRIES.5

Climate Change (IPCC) Report.8

To limit warming to 1.5°C, the IPCC report recommends that human-caused emissions of carbon dioxide (CO2) need to fall 45% below 2010 levels by 2030,
and achieve “net zero” by 2050.1 However, the IPCC’s
recommendations have been criticized as too conservative.9,10 Other scientific studies suggest that limiting
warming to 1.5°C will not be sufficient to mitigate
climate change impacts to ecosystems and communities.5,11,12 Climate change is happening much faster
than scientists predicted,1,5,13,14 and new research indicates that climate scientists have consistently underestimated the pace and severity of climate change.15
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Communities have an opportunity to lead the transition
to a zero carbon economy
Communities (i.e., cities, towns, and villages) con-

and natural ecosystems, and is an opportunity to cre-

sume 75% of the world’s energy, and emit 80% of

ate a more prosperous and equitable society.1,16,17,18

greenhouse gases.16 Communities are also uniquely
positioned to take immediate action to reduce greenhouse gas emissions as decisions on land use, buildings, local transport, and waste are largely controlled
at the local level.16

“The world has seen remarkably fast
economic transition in the past and

Addressing our climate emergency is an unprecedent-

can do so again. We can create 100%

ed opportunity to generate new, vibrant economic and

renewable energy systems, make our

social wealth as we transform where our energy comes

buildings, transport, agricultural and

from and how it is used. It is an opportunity to achieve

industrial systems zero carbon, mini-

energy security, develop more sustainable economies

mise waste – and do it remarkably

and jobs, become better environmental stewards, re-

quickly.”

duce pollution, improve public health, and enhance
our quality of life. Transitioning away from fossil fuels

– BEYOND ZERO EMISSIONS17

to a zero carbon economy has clear benefits for people

Students from Sḵwx̱wú7mesh/Squamish, B.C. call for immediate climate action at the global climate strike on September 27, 2019.
(Credit: Tracey Saxby)
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What is a zero carbon community?
A zero carbon community is one that is taking stra-

The technology needed to transition to zero carbon al-

tegic and targeted actions to reduce community-wide

ready exists. Creating thriving, zero carbon commun-

greenhouse gas emissions to zero within ten years.17

ities is achievable and affordable now.17 Atl’ḵa7tsem/
Txwnéwu7ts/Howe

Sound

communities

have

an

Local governments around the world are leading the

opportunity to lead this transition to a zero car-

way on climate action by setting bold greenhouse gas

bon economy, and inspire other communities across

reduction targets for community-wide emissions, and

Canada.

aligning these targets with the latest climate science
and international agreements.17 Many communities
across Canada are already working towards achieving
100% renewable energy goals19 and zero emissions
targets.20

Collaboration is essential
to achieve zero carbon
Climate change is too big and too complex to be ad-

The internationally recognized climate change think
tank, Beyond Zero Emissions, recommends a ten-year
timeframe to transition to zero carbon, stating that:

dressed by a single entity alone. Identifying solutions
and inspiring behaviour change will require collaboration between all levels of government (including
First Nations), and profit and non-profit sectors.

“Without ambition to take this challenge seriously we will fail before we
begin. Setting an ambitious target is
challenging but also inspires leadership and innovative solutions. Leading communities need to aim high
and demonstrate that rapid change
is possible.”
BEYOND ZERO EMISSIONS17
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Why is it important?
Climate change is already impacting Atl’ḵa7tsem/
Txwnéwu7ts/Howe Sound communities
Canada’s climate is warming twice as fast as the rest

ate, and threatens the health of marine ecosystems.21

of the world, while the Canadian Arctic is warming at

Ocean acidification negatively impacts the ability of

three times the global rate. This warming is effect-

oceans to absorb carbon through photosynthesis, cre-

ively irreversible on multi-century timescales.21 The

ating a positive feedback loopi that further contributes

increased concentration of greenhouse gases in our

to climate change.

atmosphere has led to the following direct climate
change impacts for Canada (Figure 1):

Indirect impacts of climate change and/or ocean acid-

• rising sea levels

ification include, for example:

• increased precipitation with less falling as snow
and more as rain

• reduced biodiversity

• increased intensity and severity of extreme
weather events

• species shifts

• more extreme heat and less extreme cold

• loss of critical ecosystem services
• social and economic impacts

• shorter snow and ice cover seasons

• human health impacts

• earlier spring peak streamflow

• reduced food security and increased food costs

• thinning glaciers

• increased socio-economic disparity

• thawing permafrost.21

• increased flooding

Ocean acidification is happening at the same time
as climate change, because about a third of the carbon dioxide released from fossil-fuel combustion has
dissolved into the upper ocean, making it more acidic. This threatens the survival of organisms such as
oysters that make their shells from calcium carbon-

i)

• ecosystem changes

• increased drought and wildfire risk
• increased erosion
• damage to physical infrastructure
• reduced freshwater supply in summer
• pest and disease outbreaks
• loss of key fisheries (Figure 1).21

Feedback loop – where the output from that system can feedback into the system, resulting in either negative or positive outcomes.
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Impacts of greenhouse gas emissions

CLIMATE CHANGE

DIRECT IMPACTS

INDIRECT IMPACTS

Rising sea levels

Reduced
biodiversity

Increased
flooding

Increased
precipitation
with less snowfall
and more rainfall

Ecosystem
changes

Increased
drought and
wildfire risk

Increased intensity
and severity of
extreme weather
events (e.g., storms)

Species shifts

Increased
erosion

More extreme
heat and less
extreme cold

Loss of critical
ecosystem
services

Damage to
physical
infrastructure

Shorter snow and
ice cover seasons

Social and
economic
impacts

Reduced freshwater supply
in summer

Earlier spring
peak streamflow

Human health
impacts

Pest and
disease
outbreaks

Thinning glaciers
and thawing
permafrost

Reduced food
security and
increased
food costs

Loss of key
fisheries

Ocean
acidification

Increased
socio-economic
disparity

Figure 1. The increased concentration of greenhouse gases in our atmosphere results in direct climate change impacts
(orange) and ocean acidification (purple), which then lead to indirect impacts (yellow). For example, increased intensity and
severity of extreme weather events (direct impact) can cause damage to physical infrastructure and social and economic
impacts (indirect impacts).21
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Climate change costs are primarily being borne
by municipalities
The costs of adapting to climate change are primar-

couver for one meter of sea level rise is estimated to be

ily being borne by municipalities, which own 60% of

in the range of $9.5 billion.23

public infrastructure,22 posing a significant burden on
their often-limited financial capacity. The Federation

The good news is that every $1 invested by commun-

of Canadian Municipalities and the Insurance Bureau

ities in local adaptation projects yields an estimated

of Canada estimate that an average annual invest-

$6 in terms of climate costs avoided.24 Early action

ment in municipal infrastructure and local adapta-

is vital, as it is more cost-effective, and allows com-

tion measures of $5.3 billion is needed Canada-wide

munities to take advantage of natural opportunities to

For example, the cost of

upgrade infrastructure and plan for zero carbon com-

to adapt to climate change.

22

upgrading dike infrastructure to prepare Metro Van-

munities.25

The Provincial and Federal governments need to increase investments in public transit within and between Atl’ḵa7tsem/Txwnéwu7ts/Howe
Sound communities, with the goal to remove commuter traffic from the roads. (Photo: Adobe Stock)
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What is the current status?
Canada is not on track to achieve our greenhouse gas
reduction targets
Canada is one of the top ten polluting countries in

capita emissions more than 2.5 times higher than the

the world, producing 1.58% of total worldwide green-

G20ii average.27

house gas emissions in 2016 (Figure 2),26 with per

2016 GREENHOUSE GAS EMISSIONS BY COUNTRY
Global emissions

49,358 Mt CO2e

12,000 23.45%
10,000
8,000
11.82%

6,000

7.34%

4,000

6.56%
1.76%

1.58%
Canada

Japan

Brazil

Indonesia

Russia

India

EU

USA

0

2.79% 2.76%

Iran

4.84% 4.52%

2,000

China

Greenhouse gas emissions (Mt CO2e)

14,000

Country
Figure 2. Canada is amongst the top ten producers of greenhouse gas emissions in the world. SOURCE: Climate Watch (2018)26

ii)

The G20 comprises 19 countries and the European Union. The 19 countries include: Argentina, Australia, Brazil, Canada, China, Germany, France,
India, Indonesia, Italy, Japan, Mexico, Russia, Saudi Arabia, South Africa, South Korea, Turkey, the United Kingdom, and the United States.
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Canada’s past
greenhouse gas emissions

800

730

729
605.9

603

511

Year

2018

2017

2016

2015

2014

2013

2012

2011

2010

2009

2008

2007

2006

0

2005

100

IPCC target

200

380.6

Net
Zero
2050

300

2020 Copenhagen target

400

2030 IPCC target

500

2030 Paris Agreement target

600

Canada’s
climate targets

692

700

1990

Greenhouse gas emissions (Mt CO2e)

TRENDS IN CANADIAN GREENHOUSE GAS EMISSIONS (1990–2018)

Target Year

Figure 3. Canada’s annual greenhouse gas emissions have increased by 20.9% since 1990, and emissions have resumed an increasing trend
since 2016.28 To achieve the Copenhagen targets for 2020, Canada needs to reduce emissions 17% below 2005 levels to 605.9 Mt CO2e.31 To achieve
the Paris Agreement target for 2030, Canada needs to reduce emissions 30% below 2005 levels to 511 Mt CO2e.31 To achieve the latest IPCC
recommended targets, Canada needs to reduce emissions 45% below 2010 levels to 380.6 Mt CO2e by 2030 and net zero by 2050.1 Adapted from
Environment and Climate Change Canada (2020).28
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In 2018, Canada’s total greenhouse gas emissions

In 2018, an assessment of climate policies worldwide

increased to 729 megatonnes (Mt) of CO2 equivalent

revealed that Canada’s current policies would lead

(CO2e),iii which averages out to 19.67 tonnes of CO2

to more than 5.1°C of warming by 2100 if they were

equivalent per person.28,29 Since 1990, Canada’s total

adopted globally.32 Since then, the Federal government

greenhouse gas emissions have increased by 20.9%,

has committed to: phase out coal power plants;33 im-

and while emissions have been relatively static since

plement a nationwide carbon price starting at CAD $20

2005, the last three years have shown an increasing

per tonne of CO2e in 201934 and increasing annually;

trend (Figure 3).28 Canada has missed every green-

and enact the Canadian Energy Regulator Act (CERA)35

house gas emissions reduction target it has set since

to oversee the energy sector. The 2019 Climate Trans-

1992,30 and is not on track to achieve any of the green-

parency assessment for Canada notes that despite

house gas reduction targets outlined below:27

these improvements to federal policies, Canada is still

• 17% below 2005 levels by 2020 (Copenhagen Accord
2009);31

not on track to achieve emissions reductions compatible with 1.5°C of warming to prevent irreversible impacts of climate change.27 The Parliamentary Budget

• 30% below 2005 levels by 2030, with a long-term

Office has recommended that the federal carbon tax

goal of 80% below 2005 levels by 2050 (Paris Agree-

needs to increase by an additional CAD $50 a tonne by

ment 2015);31

2030 to meet the Paris Agreement.36

• Canada has yet to adopt the latest targets recommended by the IPCC report of 45% below 2010 levels
by 2030, and “net zero” by 2050.1

iii)

CO2 equivalent or carbon dioxide equivalent (CO2e), is a standard unit for measuring carbon emissions. The idea is to express the impact of each
different greenhouse gas in terms of the amount of CO2 that would create the same amount of warming. Greenhouse gases that are included in
CO2e are: carbon dioxide (CO2), methane (CH4), nitrous oxide (N2O), and fluorinated gases such as hydrofluorocarbons (HFCs), perfluorocarbons
(PFCs), and sulfur hexafluoride (SF6).
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What is being done?
Comparison of climate actions and climate targets for
Atl’ḵa7tsem/Txwnéwu7ts/Howe Sound municipalities and
regional districts
Several municipalities around Atl’ḵa7tsem/Txwnéwu7ts

2030, and “net zero” by 2050.1 We have compared

/Howe Sound have now declared a climate emergency,

specific climate commitments for municipalities

and updated their climate targets to reflect the latest

around Atl’ḵa7tsem/Txwnéwu7ts/Howe Sound (Table

IPCC recommendations of 45% below 2010 levels by

1) and reviewed current climate targets (Table 2).

Table 1. Comparison of climate commitments for municipalities and regional districts around Atl’ḵa7tsem/Txwnéwu7ts/Howe Sound.6,37–55 SCRD –
Sunshine Coast Regional District. SLRD – Squamish-Lillooet Regional District. 6,,,,,,,,,,,,,,,,,,,

Declared a climate emergency
Created a climate emergency response plan
Have set climate targets
Have set climate targets equal to (or higher than) the
2019 IPCC recommendations of 45% greenhouse gas
reduction by 2030 and net-zero by 2050
Climate action has been identified as a
strategic priority
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SLRD

SCRD

ISLANDS TRUST

WHISTLER

WEST VANCOUVER

VANCOUVER (CITY OF)

SQUAMISH

LIONS BAY

CLIMATE ACTIONS

IN PROGRESS

GIBSONS

NO

BOWEN ISLAND

YES
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Table 2. Current climate targets for Atl’ḵa7tsem/Txwnéwu7ts/
Howe Sound municipalities and regional districts. SCRD –
Sunshine Coast Regional District. SLRD – Squamish-Lillooet
Regional District.

COMMUNITY

TARGETS

Bowen
Island

33% below 2007 levels by 202037

Gibsons

7% below 2007 levels by 203038

Lions Bay

20% below 2007 levels by 202041

Squamish

45% below 2010 levels by 2030
100% below 2010 levels by 205044

Vancouver

33% below 2007 levels by 2020
50% below 2007 levels by 2030
Carbon neutral before 205046

West
Vancouver

45% below 2010 levels by 2030

Whistler

33% below 2007 levels by 2020

100% below 2010 levels by 205047,48,49

80% below 2007 levels by 2050
90% below 2007 levels by 206050
Islands
Trust
Keats
Island

33% below 2007 levels by 2020

Gambier
Island

33% below 2007 levels by 2020

85% below 2007 levels by 2050

85% below 2007 levels by 205051,52

SCRD

7% below 2007 levels by 203137,53

SLRD

33% below 2007 levels by 2020
80% below 2007 levels by 205054,55

Eating a plant-rich diet and supporting local agriculture are two
of the most impactful actions that individuals can take to reduce
their personal greenhouse gas emissions. (Photo: Adobe Stock)
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How are we currently tracking greenhouse
gas emissions?
Local government reporting: Climate Action Revenue Incentive Program (CARIP)
Local governments in Canada have been world lead-

The B.C. Climate Action Charter is non-binding, and

ers in climate action since as early as 1988.

Since

there are no accountability mechanisms or legislated

2007, 187 of 190 local governments have signed on to

targets to significantly reduce emissions at the mu-

the B.C. Climate Action Charter, which is a voluntary

nicipal level. While many Atl’ḵa7tsem/Txwnéwu7ts/

agreement between the B.C. government, the Union of

Howe Sound municipalities report corporate emis-

B.C. Municipalities, and each local government signa-

sions every year through the CARIP, which enables

tory to take action on climate change.

them to receive a grant equivalent to 100% of the

56

57

carbon tax they pay,58 most municipalities are not inUnder the Charter, local governments commit to:

dependently reporting community-wide greenhouse

• become carbon neutral in their corporate operations;

gas emissions (Table 3). This is partially due to budget

• measure and report community-wide greenhouse
gas emissions; and

communities, and partially due to the lack of complete

• create more complete, compact, and energy efficient communities.

level.

and staff capacity constraints, particularly for smaller

data available to easily track emissions at the local

Transportation is one of the biggest sources of carbon pollution in Atl’ḵa7tsem/Txwnéwu7ts/Howe Sound communities. The solution is to get
people out of their gas-powered cars and into electric cars, or to use more public transit and active transportation such as biking and walking.
Photo: iStock
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Table 3. Comparison of CARIP reporting and specific climate adaptation actions taken by municipalities and regional districts around
Atl’ḵa7tsem/Txwnéwu7ts/Howe Sound.37–55 SCRD – Sunshine Coast Regional District. SLRD – Squamish-Lillooet Regional District.

SLRD

SCRD

ISLANDS TRUST

WHISTLER

WEST VANCOUVER

NOT APPLICABLE
VANCOUVER (CITY OF)

SQUAMISH

CLIMATE ACTIONS

LIONS BAY

IN PROGRESS

GIBSONS

NO

BOWEN ISLAND

YES

Have signed the BC Climate Action Charter to become
carbon neutral in corporate operations and to reduce
community-wide emissions
Reported corporate emissions in 2018/2019
Reported community-wide emissions in 2018/2019
Climate Action is incorporated into the Official
Community Plan (OCP)

i

Have a corporate greenhouse gas reduction plan
Have a community-wide climate action plan
Have a community energy and emissions plan
Have an integrated community sustainability plan
Have a regional growth strategy
CLIMATE ADAPTATION ACTIONS LISTED IN CARIP FOR 2018

Risk and vulnerability assessments
Risk reduction strategies
Emergency response planning
Asset management
Natural/eco asset management strategies
Infrastructure upgrades (e.g. stormwater system)
Beach nourishment projects
Economic diversification initiatives
Strategic and financial planning
Cross-department working groups
Official community plan policy changes
Changes to zoning and other bylaws and regulations
Incentives for property owners (e.g. reducing
stormwater run-off)

i)

Climate Action is incorporated into one of four of the SLRD’s Official Community Plans, for Electoral Area D. Updates are in progress for the other
three Official Community Plans.
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Provincial government reporting: Community Energy and Emissions Inventory (CEEI)
The Community Energy and Emissions Inventory

Action Secretariat does not have access to accurate

(CEEI) provides a framework for tracking and reporting

community-level transportation data. The Province is

emissions from buildings, local transport, and waste to

currently exploring options to collect information on

support local governments to meet their commitments

annual vehicle use at the community level.62

under the BC Climate Action Charter (Figure 4).59

CEEI reporting is reliant upon data providers (e.g.,

CEEI reports were first made available by the Province

utilities) and the Province to complete the rigor-

for every municipality in BC in 2007, 2010, and 2012,

60

ous data collection, analysis, and reporting required.

with a more limited data set published every year since

There is often a significant time lag between data re-

2012 as part of the Provincial Greenhouse Gas Emis-

porting and data availability, for example, 2017 data

sions Inventory. The 2013–2017 data sets only include

was published in 2019.

61

emissions from buildings and waste, as the Climate

Federal government reporting: National Inventory Report (NIRs)
Every year since 2003, Canada has prepared a National

These data overlap with CEEI reporting on buildings,

Inventory Report (NIR)

to report sector-based emis-

transport, and waste; however emissions are calcu-

sions, and submitted it to the United Nations Framework

lated using different data, scope boundaries, and a

Convention on Climate Change (UNFCCC).

Although

different methodology, and also include emissions

NIRs include ‘chapters’ for each province and territory,

from industry, agriculture, and oil & gas production

the Province of BC generates its own Provincial Inven-

(Figure 4).

28

63

tory Reports (PIR), which is largely based on the NIR.

What aren’t we measuring? Consumption-based emissions inventory (CBEI)
A consumption-based emissions inventory (CBEI)

tion-based emissions associated with residents in

calculates emissions associated with the production,

wealthy, industrialized countries, such as Canada, are

transportation, use, and disposal of goods and servi-

2–4 times higher than the global average.64,65

ces consumed by communities, such as food, clothing,
electronics, services, and flights (Figure 4).64

Limiting emissions calculations to the CEEI or NIR
frameworks means that additional emissions associ-

In 2014, C40 Cities initiated a study to measure con-

ated with consumption of goods and services are not

sumption-based greenhouse gas emissions from 79

being measured. The British Columbia Institute of

cities from around the world, including Vancouver.

65

Technology is currently piloting a project called the

Upstream emissions from the goods and services that

ecoCity Footprint Tool in ten communities across B.C.

cities consume can be more than double the emissions

to identify each community’s ecological footprint and

currently measured through traditional territorial

create a consumption-based emissions inventory.66

or sector-based emissions inventories. Consump-
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What is and isn’t being measured?
Community Energy
Emissions Inventory (CEEI)

National Inventory Report (NIR)
(Territorial or sector-based emissions)
The Federal government tracks and
reports greenhouse gas emissions
calculated by sector, e.g., industry,
agriculture, oil + gas, plus
buildings, transport,
and solid waste.

The Provincial government tracks and
reports greenhouse gas emissions
produced by buildings, transport, and
solid waste.

SOLID
WASTE

INDUSTRY

TRANSPORT

BUILDINGS

AGRICULTURE

25% 25%
FOOD

GOODS +
SERVICES

OIL + GAS

FLIGHTS

+50%
Consumption-Based Emissions Inventory (CBEI)
Greenhouse gas emissions associated with the production, transportation, use, and
disposal of products and services consumed by a community. These emissions are
not currently being tracked by the Provincial or Federal governments.

Figure 4. A simplified comparison of methodologies to measure greenhouse gas emissions: Community Energy Emissions Inventory (CEEI)
measures emissions from buildings, transport, and solid waste, which comprises approximately 25% of total emissions. The National
Inventory Report measures sector-based emissions that overlap and build on CEEI, and includes emissions from industry, agriculture, and oil
and gas; however, this still only comprises approximately 50% of total emissions. Nearly 50% of emissions associated with the production,
transportation, use, and disposal of food, goods, and services are not currently measured, which is why we need to begin measuring emissions
using Consumption-Based Emissions Inventory (CBEI) to track total emissions at the local, provincial, and federal level of government.
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Independent municipal greenhouse gas emissions
reported by Atl’ḵa7tsem/Txwnéwu7ts/Howe Sound
communities
To reduce local greenhouse gas emissions, it is fun-

cial/Federal government, and can adopt and test new

damental to understand where these emissions are

policies quickly. Tracking emissions also enables local

coming from. Some communities in Atl’ḵa7tsem/

governments to engage with stakeholders and deci-

Txwnéwu7ts/Howe Sound have chosen to conduct

sion-makers, and inspire behaviour change among

independent community-wide greenhouse gas emis-

their constituents.

sion inventories, using the CEEI framework to track
emissions from buildings, transport, and solid waste.

We compare the example greenhouse gas emissions

Whistler has been tracking emissions almost every

inventories

for

Sḵwx̱wú7mesh/Squamish

(2017),

while Sḵwx̱wú7mesh/Squamish re-

Whistler (2018), and West Vancouver (2010) (Figure 5).

cently conducted an independent emissions inventory

Emissions cannot be compared directly between these

for 2017 (Figure 5).

Metro Vancouver is currently

municipalities because the inventories were complet-

developing annual reporting of greenhouse gas emis-

ed in different years and used different methodolo-

sions as part of its Climate 2050 strategy, using the

gies. Even so, it is clear that vehicles and buildings are

CBEI framework.

the two biggest sources of greenhouse gas emissions

year since 2010,

67

68

69

for all three communities (Figure 5). This information
Tracking local greenhouse gas emissions is critical

provides a clear direction for strategic climate action

to support evidence-based climate action planning.

planning. For example, what policies can municipal-

By tracking emissions, municipalities can identify

ities pass to support the transition from gas-powered

where emissions are coming from, and pass policies

cars to electric cars? How can municipalities improve

that strategically reduce those emissions. By tracking

public transit and support active transportation? How

emissions annually, it allows municipalities to evalu-

can municipalities incentivize a rapid transition to ze-

ate whether specific policies and public engagement

ro-emission energy and heating in new and existing

campaigns are effective, or if more needs to be done.

buildings?

Local governments are much more agile than Provin-

What about emissions from industry and agriculture?
Greenhouse gas emissions from industry and agricul-

what they are doing to reduce carbon pollution, which

ture are often outside of municipal control, and will

can often dwarf community-wide emissions. Muni-

require policies and taxes/incentives from the prov-

cipal councils can also lobby the provincial and fed-

incial and/or federal governments. However, munici-

eral governments to support new policies and taxes/

palities can still play a role by engaging in conversa-

incentives to reduce local emissions from industry and

tion with local industries and local agriculture, to ask

support regenerative agricultural practices.
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Greenhouse gas emission inventories
2017 Squamish
95,420
Tonnes
CO2e

52.7% RESIDENTIAL
13.9% COMMERCIAL
13.7% 19.7%
SOLID

TRANSPORT

BUILDINGS

+ INDUSTRIAL
BUILDINGS

WASTE

25%

2%
SOLID

2018 Whistler
125,711
Tonnes
CO2e

61%

TRANSPORT

12%

RESIDENTIAL
BUILDINGS

COMMERCIAL
+ INDUSTRIAL
BUILDINGS

WASTE

2010 West Vancouver
258,060
Tonnes
CO2e

39%

TRANSPORT

52%

BUILDINGS

9%
SOLID

WASTE

Figure 5. Community-wide greenhouse gas emissions for Sḵwx̱wú7mesh/Squamish (95,420 tonnes CO2e in 2017),45 Whistler (125,711 tonnes CO2e
in 2018),70 and West Vancouver (258,060 tonnes CO2e in 2010).71 Note that emissions cannot be compared between municipalities because the
methodology and years when these inventories were compiled are different e.g., West Vancouver assessed residential and commercial/industrial
buildings under “buildings.”
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What can you do?
These actions are aimed at government level because the focus of this article is on municipalities. Actions that
individuals can take will be presented in a separate article, coming at a later date.

Government Actions and Policy:
Municipal Actions
• Declare a climate emergency to enable council and staff to dedicate the resources required to immediately
reduce community-wide greenhouse gas emissions.
• Update greenhouse gas reduction targets to reflect (or surpass) IPCC recommendations (45% reduction below
2010 levels by 2030 and achieving net zero by 2050 at the latest).
• Conduct a baseline greenhouse gas emission inventory, with ongoing monitoring and reporting of
community-wide emissions every year to track success.
• Establish interim targets and incorporate these targets into all relevant municipal planning documents
(e.g., Official Community Plan, Community Energy and Emissions Plan).
• Establish community engagement and outreach to build widespread support for climate action.
• Create a climate action plan to prioritize policies and actions that will be the most effective at reducing
community-wide greenhouse gas emissions. Identify challenges and opportunities, and establish key
evaluation criteria to evaluate success.
• Implement the climate action plan, then monitor, evaluate, and report on successes and challenges. Adjust
climate action strategies to ensure that emission reductions are successful.
• Build partnerships with local climate champions, businesses, industry, agriculture, community groups, and
organizations.
• Build regional partnerships with other communities to share resources, implement programs, and secure
greater levels of funding and investments.
• Support the Provincial and Federal governments to implement the policies and actions outlined below.
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Provincial and Federal Actions
CARBON ACCOUNTING AND ACCOUNTABILITY
• Support evidence-based climate-action planning by local governments by conducting consistent,
comprehensive, robust, and timely greenhouse gas inventories every year at the municipal level across B.C.
and Canada.72
• Initiate discussions to determine how best to make greenhouse gas reduction targets binding for all
provinces/municipalities. For example, make the B.C. Climate Action Charter binding.72
• Legislate a target of 45% reduction below 2010 levels by 2030 and achieve net-zero emissions by 2050 at the
latest.1,27 Ensure consistent targets for all levels of government, and update these targets regularly according
to the latest science.72
• Support Local Government Act and/or Community Charter amendments which empower municipalities to
achieve local climate targets.72
• Implement policies and legislation to provide funding and capacity building for municipalities as they
transition to zero-carbon emissions.22
• Develop a milestone-based incentive program to help municipalities achieve climate targets.72
• Develop a climate action policy toolkit that municipalities can adapt and implement.72
• Convene experts (including municipalities) to identify what data needs to be collected to accurately track
greenhouse gas emissions using both the CEEI and CBEI frameworks, then legislate development of and
access to this data. For example, require ICBC to collect odometer readings when people renew their car
insurance.
• Improve CEEI methodology to accurately track community-wide greenhouse gases and provide that data to
the municipalities and the public online every year (contributing to Locally Determined Contributions).
• Transition to CEEI and CBEI at the municipal level to capture emissions that are not currently measured
(e.g., embodied emissions from food, goods + services, flights).
• Standardize greenhouse gas inventory calculations between Local/Provincial/Federal governments (allow
Locally Determined Contributions to inform Nationally Determined Contributions)
SOCIAL JUSTICE
• Ensure equity and anti-racism are key components of climate action.73
• Expand the Pan-Canadian Framework to support a just and fair transition for oil and gas workers and
communities as we transition to a zero-carbon economy.27
• Support developing nations as they transition away from fossil fuels toward a zero-carbon economy.5
• Enact legislation to better enable municipalities and individuals to hold fossil fuel companies accountable for
past greenhouse gas emissions and to pay their fair share of climate costs.74
FOOD
• Implement policies to reduce the consumption of animal products – the production of which releases
significant amounts of methane – and increase consumption of plant-based foods.5
• Implement policies to support cropping practices such as minimum tillage to increase soil carbon.5
• Implement policies to promote local agriculture and eliminate food waste.5
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Provincial and Federal Actions (continued)
ENERGY
• Implement energy efficiency and conservation practices.5
• Promote electrification of space-heating infrastructure (e.g. heat pumps).
• Promote installation of district heating systems.
• Replace fossil fuel energy with low-carbon renewable energy and phase out fossil fuel extraction.5
• Eliminate subsidies for fossil fuels.5
• Increase carbon emissions taxes systematically and progressively over defined long-term periods to further
limit fossil fuel use.5,36
• Implement policies to promptly reduce emissions that have a high global warming potential over a short time
frame such as methane, black carbon (soot), and hydrofluorocarbons (HFCs) to slow climate feedback loops
and reduce short-term warming by more than 50%.5
TRANSPORTATION
• Adopt a Clean Fuel Standard and enhance measures for zero-emissions vehicles, including light and heavyduty trucks.27
• Revise the Zero-Emission Vehicle Infrastructure Programme so that 100% of vehicle sales by 2030 are zeroemission.27
• Increase funding for investments in public transit with the goal to remove commuter traffic from the roads.27
• Subsidise electric vehicles while investing in fast-charging infrastructure along major roads.
• Transition BC Ferries to electric ferries where feasible.
• Increase carbon taxes on aviation emissions and provide incentives to transition to electric planes for shorthaul flights; invest in alternatives such as high-speed rail along high-population-density routes.
BUILDINGS
• Implement policies and incentives for all new buildings to be net-zero.27
• Develop a strategy and provide incentives to undertake energy retrofits of existing buildings.27
ECONOMY
• Shift economic goals away from Gross Domestic Product (GDP) growth to the Happiness Index metric,75 and
recognize that humans depend on healthy ecosystems.5
• Redefine economic success to incorporate factors that measure human well-being and the health of
ecosystems.
NATURE
• Create more protected areas with better interconnectedness.5
• Fund restoration of natural ecosystems.5
• Protect remaining primary and intact forests to curtail habitat and biodiversity loss.5
• Fund and incentivize reforestation and afforestation (i.e., planting trees) where appropriate.5
• Continue to fund research and monitoring of iconic and threatened species and habitats.
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Resources on Zero Carbon
This list is not intended to be exhaustive. Omission of a resource does not preclude it from having value.

My Sea to Sky has issued a #ZeroCarbonChallenge for
individuals, businesses, and municipalities around
Atl’ḵa7tsem/Howe Sound. Sign up as an individual or
business and learn what tangible steps you can take
now to start the transition to zero carbon:
www.zerocarbonchallenge.ca

Beyond Zero Emissions is one of Australia’s most
respected climate change think-tanks. They have
created a step-by-step guide for communities
working to achieve zero-carbon emissions:
https://bze.org.au/zero-carbon-communities/zerocarbon-communities-guide/

Climate Caucus is a non-partisan network of 250+
elected local leaders working collectively to create
and implement policy which aligns with Canada’s fair
share of holding global temperature to 1.5°C, while
respecting planetary limits:
https://www.climatecaucus.ca/

BC Climate Action toolkit:
https://www.toolkit.bc.ca/
Clean BC has resources on subsidies and savings for
switching to an electric vehicle.
https://goelectricbc.gov.bc.ca
Project Drawdown identifies the most effective
solutions to reduce greenhouse gas emissions.
https://www.drawdown.org/
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Ocean Warming: what’s
heating up the Sound?
AUTHOR
Peter Chandler, Ocean Sciences Division,
Institute of Ocean Sciences, Fisheries and
Oceans Canada (DFO)

REVIEWERS
Jeff Marliave, Senior Research Scientist,
Howe Sound Conservation and Research
Team, Ocean Wise Research Institute

What is happening?
According to the National Oceanic and Atmospheric Administration (NOAA),
2019 was the second warmest year on record since 1880 (Figure 1). Globally,
the average temperature from combined land and ocean surface was 0.95°C
above the twentieth-century average.

The globally averaged ocean-only temperature for 2019 was 0.77°C above
average, also the second highest year on record. Many of the major oceans,
including the Pacific Ocean, had record high sea-surface temperatures recorded in 2019.1 This pattern continues a trend that is being seen year after
year. On average, Canada is warming at twice the speed of the rest of the
world, with warming in Northern Canada occurring even faster.2

Diver on the Annapolis. (Credit: Eli Wolpin)
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Figure 1. Land and ocean temperature percentiles from January to December 2019, compared to averages for the twentieth century. Source: NOAA
National Centers for Environmental Information.

What is the current status?
Locally, there are two data sources relevant to iden-

1990, this buoy has provided, with some gaps, hour-

tifying changes associated with ocean warming: 1) a

ly sea surface temperature (SST) data, among other

weather buoy located in the Strait of Georgia; and 2)

meteorological observations, e.g., air temperature.

Squamish River flow data. The weather buoy is main-

These 30 years of data have been analyzed to provide a

tained by Environment and Climate Change Canada,

yearly cycle of SSTs (upper panel, Figure 2) to exam-

located on Halibut Bank in the Strait of Georgia. This

ine how conditions at the boundaries of Átl’ḵa7tsem/

buoy provides data on ocean warming relevant to the

Txwnéwu7ts/Howe Sound can influence the marine

Átl’ḵa7tsem/Txwnéwu7ts/Howe Sound region. Since

environment within the Sound.

3
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Rarely do temperatures exceed the 90th percentile; in

period occurred, with record high SSTs observed in the

fact, on any given day, we would expect three exceed-

summer. These observations provide evidence of mar-

ances to occur in 30 years. When the temperature of

ine heat wave activity in the summer and fall of 2018,

the 90th percentile is exceeded for five straight days,

comparable to that seen in 2016 (lower panel, Figure

this is considered a marine heat wave and is an ex-

2). Warm periods also occurred throughout the spring

treme condition, like a heat wave on land.4

and summer of 2019.

Most marine heat waves over the last four years oc-

Marine heat waves affect the ecosystem structure be-

curred in 2016 (lower panel, Figure 2), which can be

cause the associated changes to the environment may

attributed to the lingering influence of the 2013–2015

support some species and suppress others. Discussion

marine heat wave in the northeast Pacific, known as

of why ocean warming is important can be found in

“The Blob” (see Resources). In 2017 and for the first

Ocean Warming, Ocean Watch Howe Sound Edition

few months of 2018, cooler ocean conditions pre-

[OWHS] 2017.

vailed. However, in the spring of 2018, another warm

Warming water temperatures have many impacts both below water and above water. (Credit: Tracey Saxby)
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SEA SURFACE TEMPERATURE AT HALIBUT BANK
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Figure 2. Upper panel: Daily sea surface temperatures (SSTs) recorded at Halibut Bank in the central Strait of Georgia since January 2016. Thirty
years of data have been analyzed to provide a yearly cycle of SSTs, represented by the black line. The red line represents the 90th percentile. The
blue line represents the 10th percentile. Thus, 80% of data falls in between the red and blue lines. Daily SST values that were higher than average
from 2016 to 2019 are shown in yellow, orange and red. Daily SST values that were lower than average in this period are shown in blue. Note that
there is some missing data in 2017 and 2019. Lower panel: Orange lines represent observed marine heat waves.
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Additionally, the flow of fresh water into Átl’ḵa7tsem/

When mixing of these two layers due to winds or cur-

Txwnéwu7ts/Howe Sound can influence its temper-

rents is weak, a surface layer develops that holds the

ature. The Water Survey of Canada measures the flow of

heat from solar warming, creating conditions favour-

the Squamish River near Siyích’m/Brackendale, about

able for phytoplankton blooms. Changes in timing

10 km from the head of Átl’ḵa7tsem/Txwnéwu7ts/

of phytoplankton blooms affect the base of the food

Howe Sound. The Squamish River has the largest im-

chain, potentially impacting the whole ecosystem (see

pact on this marine environment. It has a yearly dis-

Plankton, OWHS 2017).

charge of 7.52 km3, enough water to fill approximately
three million Olympic sized swimming pools.

For 2016–2019, the water discharge hydrograph for
the Squamish River near Siyích’m/Brackendale shows

River discharge changes with the seasons, with the

an early summer peak, consistent with the influences

greatest flows seen in early summer as a result of

of snowmelt and spring runoff (Figure 3). Since 2016,

snowmelt that occurs during the spring. The typical

the annual volume of water flowing into Átl’ḵa7tsem/

Squamish River discharge pattern (Figure 3) shows

Txwnéwu7ts/Howe Sound from the Squamish Riv-

low flows in winter with a steep increase in April to

er has decreased. All four years show a lower than

July from the snowmelt, and a longer decline in sum-

average flow during the summer and early fall, with

mer through fall.

significant rainfall events occurring in late fall and
early winter. However, there is considerable variation

The freshwater discharge at the head of Átl’ḵa7tsem/

between years because the flow is driven by snow-

Txwnéwu7ts/Howe Sound influences stratification of

melt, which peaks in early summer, and precipitation,

water in the Sound. Water discharged from the river is

which tends to increase in the last three months of

not salty, which allows it to float on top of the heavier,

the year.

saltier ocean water. Factors that influence mixing of
these two layers depend on both river and ocean con-

While the oceanographic processes that influence

ditions, which can change during storm events as well

mixing in Átl’ḵa7tsem/Txwnéwu7ts/Howe Sound are

as seasonally and from year to year.

reasonably well understood, the factors that govern
these processes are changing. The increasing water

During periods of low river discharge, there is less

temperatures in the Strait of Georgia, and the early

fresh water entering the Sound, and thus there will be

and rapid snowmelt that controls the Squamish River

a thinner, less saline surface layer that is more easi-

discharge, continue to challenge our ability to deter-

ly mixed, especially in the winter when there is more

mine the environmental health of this region.

storm activity. Under these circumstances, water temperature at the surface will be similar to that found
at depth.
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ANNUAL SQUAMISH RIVER WATER FLOW
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Figure 3. The water discharge hydrograph for the Squamish River near Siyích’m/Brackendale for the years 2016–2019 (blue); the orange area
i
represents the long-term average daily discharge based on data since 1956 .

i)

The long-term average is based on data from 1956 up until the year prior to the year shown, i.e., for the 2016 graph, the long-term average
was based on data from 1956 to 2015.
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Thus, during periods of low freshwater discharge

been seen in the summer and fall of 2016, 2018 and

from the Squamish River (i.e., summer and early fall

2019 in the Strait of Georgia, which would influence

over 2016–2019), there would likely be a decrease

the ocean temperature in Átl’ḵa7tsem/Txwnéwu7ts/

in water mixing, potentially resulting in an increase

Howe Sound. Together, these data indicate that the

in water temperature in the Sound. Conversely, the

ocean temperature in Átl’ḵa7tsem/Txwnéwu7ts/Howe

large rainfall events observed over these four years

Sound has been warmer than average in recent years,

would have led to an increase in water mixing in the

which has implications for species and communities

Sound. Simultaneously, marine heat wave activity has

in the region.

What has been done since 2017?
The table below reports on progress made on recommended actions from the previous 2017 article, where identified.
Many of these require ongoing action.

2017 ACTION

ACTION TAKEN

INDIVIDUAL AND ORGANIZATION ACTIONS

Help prevent climate change by producing
fewer greenhouse gases. Adopt policies and
practices within your organization.

There is little data available on an individual level. However,
incentives to decrease the costs of electric vehicles are
available in B.C. https://pluginbc.ca/incentives/vehicleincentives/#izev

GOVERNMENT ACTIONS AND POLICY

Protect any cold water “refugia” within
rivers. Strengthen regulations that protect
riparian areas along streams to keep
warming to a minimum.

Squamish River Watershed Society, together with DFO and
Sḵwx̱wú7mesh Úxwumixw/Squamish Nation, have carried out
revegetation in the Squamish estuary area. West Vancouver
Streamkeepers, Squamish Streamkeepers, and Bowen Island
Fish and Wildlife Club all carry out habitat restoration on
salmonid streams. Some funding for some of these groups
comes from various government organizations.
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What can you do?
A detailed overview of recommended actions relating to climate change is included in The path to zero carbon
municipalities (OWHS 2020). In some cases, no progress was identified on previous recommended actions; these
remain listed below. Additional actions marked as NEW also follow.

Individual and Organization Actions:
• Eat sustainable seafood to foster healthy and resilient fish populations.
• NEW Support political action to reduce fossil fuel impacts (use and technology).

Government Actions and Policy:
• Incorporate latest climate change hazard assessments into emergency response planning.
• Implement the Wild Salmon Policy as it recognizes that diversity among salmon populations will be critical in
helping salmon populations adapt to future climate conditions.
• NEW Fund protection and revegetation of riparian areas to create shade along streams, helping to keep
warming to a minimum.
• NEW Fund continual monitoring of ocean temperatures.

Methods
Global data were accessed from the NOAA website (see

but Bank in the Strait of Georgia, operated by En-

References). Sea surface temperature data specific

vironment Climate Change Canada. Flow data for the

to the Átl’ḵa7tsem/Txwnéwu7ts/Howe Sound region

Squamish River were accessed via the Water Survey of

were accessed via a weather buoy located on Hali-

Canada website.
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Resources
This list is not intended to be exhaustive. Omission of a resource does not preclude it from having value.

El Niño patterns contributed to a long-lived
marine heat wave in the North Pacific. 2016.
Available at: https://swfsc.noaa.gov/news.
aspx?ParentMenuId=54&id=21991 Accessed August
9th 2019.

Ocean heat waves like the Pacific’s deadly “Blob”
could become the new normal. 2019. Available at:
https://www.sciencemag.org/news/2019/01/oceanheat-waves-pacific-s-deadly-blob-could-becomenew-normal Accessed August 12th 2019.
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Ocean Acidification
AUTHORS
Jeff Marliave, Senior Research Scientist,
Howe Sound Conservation and Research
Team, Ocean Wise Research Institute
Laura Borden, Research Biologist, Howe
Sound Conservation and Research Team,
Ocean Wise Research Institute

REVIEWER
Christopher Harley, Professor, Institute
for Oceans and Fisheries, Department of
Zoology, University of British Columbia

What is ocean
acidification?
Ocean acidification refers to a decrease in pH of oceanic waters. Globally,
ocean pH tends to be greater than 8.0. The northeast Pacific Ocean, with its
large river inputs and upwelling of deep water, tends to have a lower pH, i.e.,
it is more acidic compared to the open ocean. Seawater intake records monitored since 1956 at the Vancouver Aquarium show that pH tends to remain
at a relatively stable plateau until a climate regime shift occurs. A climate
regime shift is an abrupt change from one climate state to another. Three
major climate regime shifts have been discerned using pH measured in seawater intake records (Figure 1) in combination with broad seabed biodiversity data.1,2 After a climate regime shift, ocean pH appears to go through a
correction phase where pH rises, i.e., becomes less acidic, and then falls off,
becoming more acidic. From there, it levels off at this new plateau, which
may or may not be more acidic than what was occurring previously.1

Lower pH values can affect bivalves such as mussels by preventing shell formation at the
larval stage, and preventing the formation of byssus threads in mussels, which are used to
attach the mussel to the substrate. (Credit: Aroha Miller)
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MEASURING pH IN VANCOUVER HARBOUR
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Figure 1. Modal pH and extreme range (minimum five measures for low or high values) for Vancouver Harbour from 1968 to July 2019. (Climate
regime shift: an abrupt change from one climate state to another; the spaces between the dashed red boxes are where the regime shift takes place).
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What is happening?
Since 2015, water quality measurements have been

between temperature and pH have been documented

collected at two locations in Átl’ḵa7tsem/Txwnéwu7ts/

(Figure 2, 3). During winter, when water temperatures

Howe Sound – Ḵw’émḵw’em/Defence Island and

are at their coldest, pH tends to be closer to 7.8 and

Nínich Ḵw’émḵw’em sponge reef and Skwákwtsa7s/

inversely related to temperature, while during sum-

Popham Island – at depths of 10 to 25 m. Data col-

mer, pH tends to mirror patterns of temperature – as

lected include temperature, pH, salinity, dissolved

temperature increases, pH also increases. However,

oxygen and turbidity. Since 2015, across all locations

an uncharacteristically cold winter in 2017 may be re-

and seasons that water quality data have been record-

sponsible for anomalously high pH values (Figure 3).

ed, the average pH was 7.6–7.8. Seasonal relationships

MEASUREMENTS OF pH AND TEMPERATURE IN
ÁTL’KA7 TSEM / TXWNÉWU7 TS / HOWE SOUND
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Figure 2. Measurements of pH and temperature taken during spring 2016 (Ḵw’émḵw’em/Defence Island and Nínich Ḵw’émḵw’em sponge reef, 22
m depth), indicating how changes in temperature affect pH. Data represent 10-minute interval points.
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TEMPERATURE AND pH IN
ÁTL’KA7 TSEM / TXWNÉWU7 TS / HOWE SOUND
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Figure 3. Temperature and pH at the Ḵw’émḵw’em/Defence Island and Nínich Ḵw’émḵw’em sponge reef (22 m depth) during six three-month
deployments of equipment to measure physical parameters. Black ovals indicate inverse seasonal relationships between pH and temperature.

Although limited in time and space, these data pro-

sonal patterns and the effects of deep-water flushing

vide a general sense of existing seabed conditions in

events in the Salish Sea. Monitoring of water quality

Átl’ḵa7tsem/Txwnéwu7ts/Howe Sound. Examining

using these parameters continues and will eventual-

these results alongside ocean water samples meas-

ly provide a more comprehensive picture of acidity in

ured in Burrard Inlet at 20 m depth (Figure 1) shows

Átl’ḵa7tsem/Txwnéwu7ts/Howe Sound on a decadal or

the need for decadal length time series to identify

longer time scale.

real declines in pH and distinguish them from sea-
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Why is it important?
Many marine species may be negatively impacted by

substrate. These changes can result in death. Shellfish

ocean acidification, either directly due to the need for

hatcheries in Puget Sound and the Strait of Georgia

calcium carbonate in shell formation, or indirectly,

have been affected.3 However, more research is needed

for example through the loss of prey. Lower pH val-

regarding the cascade effects within the food web due

ues (i.e., more acidic) can impact marine animals that

to the relatively “recent” recognition of ocean acidifi-

use calcium carbonate to form shells, such as oysters

cation impacts (the term ocean acidification was only

and mussels, preventing shell formation at the larval

coined in 2003 after an abrupt climate regime shift

stage, and preventing the formation of byssus threads

was observed4).

in mussels, which are used to attach the mussel to the

What is the current status?
Current efforts at the Ocean Wise Research Institute

Strait of Georgia and from the west coast of Vancou-

suggests a relationship between climate regimes and

ver Island have not shown any changes in a particular

ocean acidification in Átl’ḵa7tsem/Txwnéwu7ts/Howe

direction in correlation with this step-wise decrease

Sound. Acidification appears to change in a step-wise

in pH (i.e., pH always decreases, whereas biodiversity

fashion. In contrast, seabed biodiversity records in the

both increases and decreases).5

2

What can you do?
A detailed overview of recommended actions is included in The path to zero carbon municipalities (OWHS 2020).
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Methods
Data were collected by Ocean Wise researchers from

oxygen and turbidity was collected at 10- to 15-minute

the Howe Sound Conservation and Research Team

intervals for up to three months at a time.

using a YSI EXO2 Sonde buoy deployed at various locations across Átl’ḵa7tsem/Txwnéwu7ts/Howe Sound

Ocean Wise staff have recorded pH for the Burrard

in a depth range of 10 to 30 metres. Data collection

Inlet intake during water quality sampling on an ap-

began in July 2015, and has continued intermittently

proximately bi-monthly basis since 1968. Current

up until, and including, 2019. Water quality informa-

sampling utilizes an EXO Sonde.

tion pertaining to temperature, salinity, pH, dissolved
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Shoreline Erosion and
Sea Level Rise
What is happening?

AUTHOR
Aroha Miller, Manager, Ocean Watch,
Ocean Wise Research Institute

REVIEWERS
DG Blair, Executive Director, Stewardship
Centre for BC
Jaime Dubyna, Planner, Northern Office,
Islands Trust

Globally, sea level continues to rise and pose risks to coastal communities.1
Sea level rise (SLR) is caused by thermal expansion as ocean waters warm and
increasing global temperatures melt ice caps and glaciers. Exactly how much
sea level will rise is unpredictable due to various uncertainties, such as the
amount of greenhouse gases produced, whether countries meet their carbon
emission reduction goals, or even if a region is experiencing tectonic uplift.

The Government of B.C. recommends planning for a SLR of approximately 1
m by 2100, and 2 m by 22002; however, SLR exceeding 1 m by 2100 could be
possible.1 Figure 1 shows the sensitivity of the shorelines in Átl’ḵa7tsem/Tx-

wnéwu7ts/Howe Sound to SLR. Sea Level Rise is causing concern for waterfront property owners and communities within Átl’ḵa7tsem/Txwnéwu7ts/
Howe Sound due to higher waters encroaching on properties and carrying
away shoreline materials such as sand and pebbles, a process known as
shoreline erosion. Sea Level Rise is a relatively slow process and therefore
the effects from storm surges (Figure 2) will be seen before the direct impacts of SLR are noticed.
During the winter of 2018/2019, several severe storms battered Átl’ḵa7tsem/

Txwnéwu7ts/Howe Sound. This caused storm surges resulting in shoreline
erosion, damage to infrastructure, loss of property, endangerment of lives
that necessitated emergency services attendance, and high economic costs to
clean up the damage and subsequent mitigation (see Comprehensive Planning, Ocean Watch Átl’ḵa7tsem/Txwnéwu7ts/Howe Sound Edition [OWHS]
2020). Many of these issues were raised in Shorelines and Sea Level Rise,
OWHS 2017.
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Figure 1. Sensitivity to sea level rise in Átl’ḵa7tsem/Txwnéwu7ts/Howe Sound.3
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What is a storm surge?
Low atmospheric
pressure

Wind set-up

Breaking waves
Wave run-up
Wave set-up

Current

Storm surge
High tide

Predicted tide

Mean sea level

Low tide

Figure 2. Factors that contribute to the creation of a storm surge.

To combat damage caused by SLR, communities often
opt for hard armouring of shorelines, such as shoreline fortification made from rubble and rocks (also
known as rip rap), seawalls, or dikes. However, an
unintended consequence of such an approach is the

A storm surge refers to a temporary increase in the height of the
sea due to extreme meteorological

erosion of the shoreline, including the sensitive habi-

conditions such as low atmospher-

tats found in these areas (see Shorelines and Sea Level

ic pressure and/or strong winds.

Rise, OWHS 2017). By contrast, use of soft armouring,

A storm surge is independent of

such as placing sand and gravel along shorelines,

a high tide, but its impact may be

building dunes, constructing wetlands, revegetating

magnified during a high tide.

or preserving shoreline vegetation, and/or constructing offshore reefs, can help mitigate wave energy and
allow the natural landward migration of the shoreline.
Specialized habitat, such as eelgrass beds and fish
spawning areas, are thus not lost to erosion but gradually migrate inland along with the shoreline.4
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What is the current status?
Awareness of and interest in the Green Shores ap-

Txwnéwu7ts/Howe Sound and the Strait of Geor-

proach has continued to grow throughout Átl’ḵa7tsem/

gia – one each on Nex̱wlélex̱wem/Bowen and Thor-

Txwnéwu7ts/Howe Sound. The number of queries re-

manby Islands. Additionally, Green Shores is working

ceived by Green Shores has increased over the past

with British Columbia Institute of Technology (BCIT)

few years, from both communities and private land-

to develop a course for biologists, coastal engineers,

owners throughout the Sound (approximately five to

planners, and landscape architects to gain an approved

six queries per year). Incentives to further increase

professional designation to ensure they have the ne-

the use of Green Shores are being considered, such as

cessary skills to design projects to effectively use Green

shoreline assessments, project design guidance from

Shores in their designs to mitigate shoreline erosion.

a professional on the application of Green Shores and

This course should be available by the end of 2020.

5

fast-tracked permitting for projects that use a nature-based approach.

For more than five years, the Gambier Island Local
Trust Committee (GLTC) has made shoreline pro-

Green Shores delivers educational workshops in

tection and stewardship a priority project. Over the

communities, with considerable ongoing educa-

last two years, the GLTC has been exploring updating

tion and outreach for communities and individuals

policy and regulatory options to align with provincial

to learn about shoreline erosion mitigation. In 2018,

guidelines, with a focus on Lehk’tines/Keats Island,

two one-day workshops were given in Átl’ḵa7tsem/

using a two-phase approach.

A Green Shores project on an eroding shoreline in Qualicum Bay, Vancouver Island. Left – before restoration. The red line encircles a failing
wooden bulkhead where erosion was beginning to undermine the structure. Plants were non-native species. Right – after restoration. The
wooden bulkhead was removed, and the shore was regraded to a more natural slope. Large boulders were placed at ~1 m depth and infilled with
smaller rock, sand and gravel, to provide a growing medium for native plants. Logs were buried along the upper portion of the shore to mimic
the natural shoreline and provide shelter for plants to grow (Photo credit: Green Shores).
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Phase 1 involved community engagement and the

• protect shoreline integrity and function;

introduction of potential policy, regulation or vol-

• preserve public access to the foreshore; and

untary stewardship options (e.g., increasing setback

• ensure consistency with First Nations-led marine
planning initiatives.6

distances of buildings from the natural boundary of
the sea). A survey to gauge the community’s values in
relation to the shoreline (e.g., protect, recreate) was

Other municipalities throughout the Sound have been

circulated. This phase was completed in 2018.

pursuing options to both protect their shorelines from
erosion and SLR as well as to restore, enhance and

Phase 2 began in 2019 with the establishment of a

protect ecosystem functions. For example, the West

working group consisting of eight community mem-

Vancouver Shoreline Preservation Society has been

bers. The purpose of Phase 2 is to review and update

investigating options to protect shorelines for pri-

the relevant Official Community Plan policies and land

vate landowners. In 2018, Bowen Island Municipality

use bylaw regulations to:

(BIM) released a parks plan, which acknowledges the

• address sea level rise and flooding;

importance of shoreline erosion by including a recom-

• protect archaeological sites/resources, which are
predominantly found along shorelines;

mendation to protect shorelines and enhance marine
habitat adjacent to land owned by BIM.7

• protect sensitive ecosystems, such as eelgrass beds;

What are the potential impacts of
climate change on shoreline erosion?
Shoreline erosion is an indirect impact of climate

increased infrastructure damage, loss of sensitive

change. The frequency and intensity of storms and

habitat, loss of property, economic losses and an in-

storm surges is predicted to increase due to climate

creased risk of loss of life, not to mention impacts to

change.8,9 Without appropriate planning, storms and

species that use shorelines for habitat.

storm surges will lead to greater shoreline erosion,
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What has been done since 2017?
The table below reports on progress made on recommended actions from the previous 2017 article, where identified.
Many of these require ongoing action.

2017 ACTION

ACTION TAKEN

Adopt Green Shores approach as a policy.

These actions are addressed by the following:

Use Green Shores approaches for protecting and
enhancing public shorelines in communities.

The number of queries received by Green Shores
has increased over the past few years, from both
communities and private landowners throughout
the Sound. These have not translated into
enrolled projects.

Join the Green Shores Local Government Working
Group for Green Shores support and resources.

What can you do?
A detailed overview of recommended actions relating to climate change is included in The path to zero carbon
municipalities (OWHS 2020). In some cases, no progress was identified on previous recommended actions; these
remain listed below. Additional actions marked as NEW also follow.

Individual and Organization Actions:
• Educate yourself on how to care for your shoreline using the resources provided below.

Government Actions and Policy:
• NEW Identify areas at high risk for shoreline erosion, flooding and landslides.
• NEW Limit and manage development in these areas, e.g., building restrictions, setback limits.
• NEW Incentivise or offset costs of shoreline stabilization of public assets, e.g., soft shore armouring.

Shoreline Erosion and Sea Level Rise | Page 95

OCEAN WATCH | Átl’ḵa7tsem / Txwnéwu7ts / Howe Sound 2020

CLIMATE CHANGE AND OCEANOGRAPHY

Methods
Information on severe storms in Átl’ḵa7tsem/Tx-

and relevant websites. Other information on various

wnéwu7ts/Howe Sound during the 2018/19 winter sea-

municipalities was sourced from relevant websites, as

son was presented at the Ocean Watch Howe Sound/

shown in the References and Resources. Information

Atl’ḵa7tsem Workshop held on June 7, 2019 (present-

regarding climate change impacts on shoreline ero-

er: Ruth Simons). Information on Green Shores was

sion was accessed on google using the search string

sourced from DG Blair, Executive Director of the Stew-

“climate change AND Vancouver AND storm.” The

ardship Centre for BC. Information regarding GLTC

most relevant resources were used.

was provided by Jaime Dubyna, Planner, Islands Trust,

Resources
This list is not intended to be exhaustive. Omission of a resource does not preclude it from having value.
DFO Guide for Property Owners:
Shoreline Care, https://www.csrd.bc.ca/sites/default/
files/swmp/Shoreline%20Care.pdf
Islands Trust:
Marine Protection Tools for Local Governments,
http://www.islandstrust.bc.ca/trust-council/
advocacy/marine-environment/

Islands Trust Conservancy:
Caring for our Shorelines, http://www.
islandstrustconservancy.ca/initiatives/
marineconservation/
Stewardship Centre for BC:
Green Shores resources, https://stewardshipcentrebc.
ca/?cat=&s=shoreline

A Landowner’s Guide to Protecting Shoreline
Ecosystems, http://www.islandstrust.bc.ca/
media/282417/Landowners-Guide-September-draftrevised.pdf
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Stream Flows: Daisy
Lake Reservoir and the
Cheakamus River
AUTHORS
Francesca Knight, President, Squamish
River Watershed Society

What is happening?

Jennifer Chapman, Research Assistant,
Ocean Watch, Ocean Wise Research
Institute

Climate change predictions suggest that stream flow patterns will shift,

REVIEWER

adapt to survive. Changing stream flow patterns will also influence the vol-

Edith Tobe, Executive Director, Squamish
River Watershed Society

meaning plants and animals that live alongside or in rivers will need to

ume and timing of freshwater input to the marine environment, and consequently, the timing of plankton blooms (see Plankton, Ocean Watch Howe
Sound Edition [OWHS] 2017), among other potential impacts. Therefore, it
is important to monitor river flows to understand yearly differences and
long-term trends.
Within the Átl’ḵa7tsem/Txwnéwu7ts/Howe Sound watershed, there are
numerous river systems that are monitored for stream flows by the Water
Survey of Canada (WSC), including most rivers and their major tributar-

The Squamish River, into which the Cheakamus River drains. (Credit: Aroha Miller)
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ies in the Squamish River watershed (the Mamquam,

ly 3600 km2. Thus, the Squamish River contributes

Squamish, Ashlu, Elaho, Cheakamus and Stawamus

around two-thirds, or 66%, and the Cheakamus con-

rivers). Daily river flow from Daisy Lake Reservoir was

tributes almost one-fifth, or 20% of freshwater input

previously reported (see Stream Flows, OWHS 2017).

into the Sound.2 All drainage basins in the watershed,

The shift in flow seasonality reported for Daisy Lake

including the Cheakamus and Squamish Rivers, are

Reservoir appeared similar to projected shifts due to

largely glacier fed.

climate change.
In 2019, the Government of Canada released Canada’s
Daisy Lake Reservoir is located along the Cheakamus

Changing Climate Report, in which it predicted chan-

River. The upper Cheakamus River flows into the res-

ges in the seasonal availability of freshwater and an

ervoir, where reservoir inflows and outflows have been

increased risk of water supply shortages in summer.3

monitored since the construction of the Cheakamus

The Daisy Lake Reservoir/Cheakamus River system is

Generating Station in the late 1950s. The reservoir

the most studied watercourse in the Squamish River

is connected to the Cheakamus Generating Station,

watershed and serves as an excellent indicator sys-

which produces electricity.1 The water used for power

tem for Átl’ḵa7tsem/Txwnéwu7ts/Howe Sound. We

generation is discharged into the Squamish River.1

are therefore updating data presented in the OWHS
2017 report, as well as taking a higher-level look fur-

The amount of freshwater input into Átl’ḵa7tsem/Tx-

ther back in the historical record along the Cheakamus

wnéwu7ts/Howe Sound is an important variable im-

River (below the dam), to see if this predicted change

pacting the marine environment. The Cheakamus Riv-

could also be observed in Cheakamus River stream

er drainage basin is approximately 1070 km2, while the

flow data.

drainage basin for the Squamish River is approximate-

What is the current status?
Daisy Lake Reservoir
Stream flow into Daisy Lake Reservoir has been mon-

The long-term range of flows (data from 1960 to 2016

itored on an ongoing basis since construction in the

inclusive, light-blue shading, Figure 1) shows fresheti

1950s. This long-term data was reported in OWHS

typically peaks in mid-June, although there is con-

2017. Data presented here adds stream flow since

siderable variation between years (Figure 1). Data for

2017, up until early June 2019, although monitoring

2017 and 2018 fall within this long-term range. How-

is ongoing.

ever, spring freshet appears to have occurred slight-

i)

Freshet – increased water flow due to snow melt, typically resulting from spring thawing of the snowpack, and generally characterized by a
steady rise in stream flow, to a peak, after which stream flows begin to decrease again.
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ly earlier (mid-May to early June) compared to the

ter (December to February) although again, these are

long-term average, and summer flows are lower than

within the long-term range. The addition of two years

average long-term summer flows. Flow peaks due to

of data is not enough to draw any conclusions about

rainfall events were observed in fall and again in win-

long-term trends.

DAILY STREAMFLOW INTO THE DAISY LAKE RESERVOIR
IN THE CHEAKAMUS RIVER WATERSHED

Daily flow (cubic metres/second)

700

Long-term range based on minimum and maximum daily flows (1960–2016)
Long-term average daily flow (1960–2016)
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2017 daily flow
2018 daily flow
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2019 daily flow
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300
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Month
Figure 1. Daily stream flow into Daisy Lake Reservoir in the Cheakamus River watershed.4 Light-blue shading shows the long-term range of
flows (1960–2016). The light-blue line indicates the long-term average daily flow (1960–2016). The orange and red lines show the 2017 and 2018
daily stream flow, respectively, while the purple line shows daily stream flow for 2019, ending in early June 2019 due to data availability.
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Cheakamus River
We looked at naturalii average daily discharge (flow) in
the first and last 20 years of a 100-year data set. The
early data set (1917–1937) was from a gauge that is no
longer operational (Cheakamus at Garibaldi); the latter
data set (1997–2017) is from the next closest gauge
that is still operational (Cheakamus at Brackendale)
(Figure 2). Data from the earlier period at the first
gauge location has been normalized to the drainage
area size of the second gauge location (representing
the latter period). See Methods for further details.

We observed some differences between the two periods that appear to support predicted changes to the
availability of freshwater (Figure 3).3 The freshet peak
is smaller, indicating less snowpack, and slightly earlier, peaking at the start of June (small blue oval),
possibly because more precipitation fell as rain rather than snow in the winter, resulting in a smaller
snowpack and therefore a smaller thaw. Average daily
post-freshet summer flows are lower in the 1997–2017
period relative to the earlier period (large blue oval).
Storm event peaks in the fall and winter are larger,

Figure 2. Location of the two water gauges and the Daisy Lake
Spillway, in relation to Sḵwx̱wú7mesh/Squamish town.

again likely due to more of the annual precipitation
volume falling as rain rather than snow.

ii)

Natural river flow – the volume of water under non-regulated flow conditions. The natural stream flow is calculated by BC Hydro as the sum of
reservoir inflows plus inflows below Daisy dam.
Non-regulated – river flow is not controlled.
Actual river flow – the volume of water under regulated flow conditions.
Regulated – river flow is controlled during power-generating operations (typically this occurs year-round).
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COMPARISON OF ANNUAL WATERFLOW IN THE
CHEAKAMUS RIVER OVER A CENTURY

Cheakamus River flow (cubic metres per second)
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Figure 3. Natural annual water flow in the Cheakamus River. The purple line represents the average daily water flow for the period 1917–1937. The
green line represents the average daily water flow for the period 1997–2017. The small blue oval indicates a smaller, earlier freshet peak; the large
blue oval indicates lower post-freshet flows.
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How will climate change impact
stream flows in Átl’ḵa7tsem/
Txwnéwu7ts/Howe Sound?
Climate change will likely result in earlier peaks in
stream flows (i.e., freshet), larger storm peak flows
and lower late summer flows.3 Such changes in stream
flow may have implications for wildlife seasonal cycles
both in the river and in the marine environment. For
example, extreme precipitation events can lead to
increased river flows, causing scouring of riverbeds
and destroying spawning habitat for some fish species. Likewise, droughts can lead to low flows and increased water temperature, resulting in poor survival
of eggs and early life stages.5
The rivers in the wider Átl’ḵa7tsem/Txwnéwu7ts/
Howe Sound watershed contribute to changes in volume and timing of freshwater input into Átl’ḵa7tsem/

Txwnéwu7ts/Howe Sound. The same changes we observed in freshwater availability for the Cheakamus
may possibly be seen in other watercourses within the
watershed. These changes impact ocean temperatures
in the Sound (see Ocean Warming, OWHS 2017) and
potentially the timing of plankton blooms, which form
the basis of the food web in Átl’ḵa7tsem/Txwnéwu7ts/
Howe Sound (see Plankton, OWHS 2017).

Squamish River as it flows south towards the estuary and
Átl’ḵa7tsem/Txwnéwu7ts/Howe Sound. (Credit: Rich Duncan)
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What has been done since 2017?
The table below reports on progress made on recommended actions from the previous 2017 article, where identified.
Many of these require ongoing action.

2017 ACTION

ACTION TAKEN

INDIVIDUAL AND ORGANIZATION ACTIONS

Become familiar with the current Integrated
Flood Hazard Management Plan (IFHMP). Be
aware of flood hazards in your area and be
prepared for an emergency at your home and
workplace.

Refer to the District of Squamish’s IFHMP, adopted in 2017.

Help prevent climate change by producing
fewer greenhouse gasses. Adopt policies and
practices within your organization.

Incentives to decrease the costs of electric vehicles are
available in B.C., link below. https://pluginbc.ca/incentives/
vehicle-incentives/#izev

GOVERNMENT ACTIONS AND POLICY

Continue to closely monitor streamflow data
and trends.

BC Hydro continues to monitor river flows in areas where they
have run-of-river hydroelectricity generators. This includes
Daisy Lake Reservoir and Culliton Creek in the Squamish
watershed.5 Other hydroelectric projects monitor stream
flows, e.g., Mamquam River. While BC Hydro is a provincial
Crown corporation, other hydroelectric operators are not.

Increase capacity to respond to extreme
weather events, including droughts.

Refer to the District of Squamish’s IFHMP, adopted in 2017.

Continue to renew the Integrated Flood
Hazard Management Plan (IFHMP) every five
to 10 years.

See Resources on extreme weather events below. This is not
a substitute for government-level actions. A number of the
district municipalities have an emergency response program
section on their websites.

Protect the coastline from storm surge and
flooding using Green Shores techniques.

Greater awareness of and interest in Green Shores through
Átl’ḵa7tsem/Txwnéwu7ts/Howe Sound has been noted,
although the increase in inquiries has not yet translated into
enrolled projects (see Shorelines, OWHS 2020).

Withdraw, relocate or abandon public assets
in high-risk areas of flooding.

Being discussed in some local Átl’ḵa7tsem/Txwnéwu7ts/Howe
Sound municipalities.

Increase public education on what to do in
the event of extreme weather, flooding and
drought.

A selection of resources outlining what to do in these events
are provided below.
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What can you do?
A detailed overview of recommended actions relating to climate change is included in The path to zero carbon
municipalities (OWHS 2020). In some cases, no progress was identified on previous recommended actions; these
remain listed below. Additional actions marked as NEW also follow.

Individual and Organization Actions:
• Record stream levels when enumerating salmon spawning.
• Withdraw, relocate or abandon private assets in high-risk areas of flooding.
• Implement and practise water conservation measures in your home and within your organization.
• NEW Plant trees and vegetation along waterways.
• NEW Join a citizen science group that restores wetlands.

Government Actions and Policy:
• Take action to minimize rainfall-related flooding and associated consequences.
• Develop an education plan for the Integrated Flood Hazard Management Plan to educate locals, especially
those in high-risk areas.
• Identify and develop plans for slopes at high risk of landslide.
• Develop policies for back-up power in all eventualities.
• Increase flood construction levels, add covenants to reduce liability and retrofit existing buildings.
• Identify future no-build zones or use land acquisition or restriction tools such as land trusts.
• Work with BC Hydro to ensure sufficient water flow in “managed” rivers that support salmon spawning and
migration.
• NEW Increase awareness and education around the importance of headwaters.
• NEW Data collected by BC Hydro and other independent run-of-river plants should be made available to
independent researchers.
• NEW Hydroelectric power generation requires a substantial quantity of water. Operators of these facilities and
government authorities that regulate power plants should consider water availability changes when setting
future targets for water diversion.
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Methods
Daisy Lake Reservoir
The previous graph from OWHS 2017 was updated with

procedures are applied to the data. A system of auto-

smoothed data from BC Hydro. Smoothed data is based

mated and manual data checks is applied to calculated

on calculations of reservoir storage and discharge. The

daily averages from hourly averages. The developed

challenge of calculating reservoir volume is the main

application allows for estimations for poor quality or

source of random error and therefore quality control

missing data.

Cheakamus River
Historical data for the Cheakamus River exists from

operations on the Cheakamus River (e.g., flows must

the Water Survey of Canada (WSC) gauge Cheakamus

be a minimum of ≥ 15 cubic metres per second at this

at Garibaldi (08GA017). This gauge was located 1.6 km

location from November 1 to March 31; however, the

below the location of the current Daisy dam spillway

required minimum flow varies throughout the year).

and is no longer operational. The first 20 years of data
available, 1917 to 1937, presented in Figure 2, comes

In order to compare data from the two gauge loca-

from this gauge. The drainage area for the Cheakamus

tions, the Cheakamus at Garibaldi data were normalized

at Garibaldi gauge is 813 km .

to the drainage area size of the Cheakamus at Brack-

2

endale drainage area (e.g., daily Garibaldi data were
Data for the latter 20 years, 1997–2017, were collected

multiplied by 1.2), as per methods outlined in the

at WSC gauge Cheakamus at Brackendale (08GA043).

Indicators of Hydrologic Alteration software package.7

This time period was selected because it is the most

Natural flows for the 1997–2017 period were calcu-

recent 20 years of data available, and natural stream-

lated with BC Hydro’s reservoir inflow and inflow

flow data do not extend back beyond 1984. This gauge

below Daisy Lake spillway data (natural discharge at

is located approximately 17 km downstream of the

the Cheakamus at Brackendale gauge = Daisy reservoir

former Cheakamus at Garibaldi gauge, with a drainage

inflows + inflows below Daisy dam spillway). The data

area of 965 km ; it is still in operation. Its location

presented are the average daily flows from the re-

represents the flow compliance point for BC Hydro’s

spective 20-year periods.

2
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Resources
This list is not intended to be exhaustive. Omission of a resource does not preclude it from having value.
B.C. Centre for Disease Control:
Wildfire Smoke Response Planning
http://www.bccdc.ca/health-professionals/
professional-resources/wildfire-smoke-responseplanning
Wildfire Smoke:
health effects of wildfire smoke, how to prepare for
wildfire smoke season, portable air cleaners, face
masks for wildfire smoke
http://www.bccdc.ca/health-info/prevention-publichealth/wildfire-smoke
Municipal Heat Response Planning in British
Columbia, Canada (2017)
http://www.bccdc.ca/resource-gallery/Documents/
Guidelines%20and%20Forms/Guidelines%20and%20
Manuals/Health-Environment/BC%20Municipal%20
Heat%20Response%20Planning.pdf

Government of Canada:
Get Prepared: Floods
https://www.getprepared.gc.ca/cnt/hzd/flds-en.aspx
Alberta Health Services:
Cleaning the House After a Flood
https://www.albertahealthservices.ca/Advisories/nepha-cleaning-house.pdf
Saskatchewan Ministry of Health:
Clean Up After the Flood. A Guide for Homeowners
https://www.yorkton.ca/livinghere/springrunoff/pdf/
SK_cleaning_up_after_the_flood.pdf
Integrated Flood Hazard Management Plan
https://squamish.ca/yourgovernment/projects-andinitiatives/completed-projects/2018-completedprojects/floodhazard/ifhmp-2016/

Government of B.C.:
Get Prepared for Severe Weather in British Columbia
https://www2.gov.bc.ca/gov/content/safety/
emergency-preparedness-response-recovery/
preparedbc/know-your-hazards/severe-weather?key
word=know&keyword=your&keyword=hazards&keyw
ord=severe&keyword=weather
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Sḵwx̱wú7mesh/Squamish

Flood Planning: adapting to
climate change
What is happening?

AUTHOR
David Roulston, P.Eng, Manager of
Municipal Infrastructure, District of
Squamish

The District of Squamish is a vibrant, rapidly growing community locat-

REVIEWERS
David Roche, P.Eng., Integrated Flood
Hazard Management Plan Project Manager

ed at the end of Átl’ḵa7tsem/Txwnéwu7ts/Howe Sound, where five major river systems converge (Squamish, Mamquam, Cheakamus, Cheekye
and Stawamus). The location of Sḵwx̱wú7mesh/Squamish at the head of

Átl’ḵa7tsem/Txwnéwu7ts/Howe Sound, surrounded by rivers, presents
unique community challenges.

A view along the Squamish River dike upgrade, undertaken in 2019. (Credit: David Roulston)
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What is the current status?
Due to its location and low-lying elevation, Sḵwx̱wú-

the International Federation of Consulting Engineers

7mesh/Squamish faces a high risk of flooding from

[FIDIC, fidic.org]) for its ground-breaking and com-

extreme weather events, such as heavy precipitation

prehensive work.

and storm surges. This risk is especially important
for the significant portion of new development oc-

The IFHMP included a comprehensive mitigation pro-

curring within the floodplain. Due to the combination

gram with over 100 recommendations, including new

of ongoing floodplain development and the presence

land use policy, flood regulations for new develop-

of natural flood hazards (e.g., rivers), the District

ment and a prioritized capital plan to build and up-

of Squamish initiated an Integrated Flood Hazard

grade dikes. Since adoption of the IFHMP, Sḵwx̱wú-

Management Plan (IFHMP) in 2014 (see Resources).

7mesh/Squamish has been ambitiously implementing

This plan provides a blueprint for safe and sustain-

recommendations, as detailed in the “What can you

able community growth that accounts for flood risks.

do?” section, below.

The IFHMP was adopted in 2017 and has received
provincial, national and international awards (Silver

Significant work remains; however, Sḵwx̱wú7mesh/

Award from the Planning Institute of British Colum-

Squamish is proceeding with confidence that the

bia [PIBC]; Award of Excellence from the Canadian

community is using the best planning tools available

Consulting Engineering Awards; Award of Merit from

to manage flood risks.

What are the potential impacts of
climate change on Squamish flood
planning?
Climate change is anticipated to have significant im-

In addition, an allowance of 10% has been added to

pacts on flood risk in the District of Squamish. The

peak river flows to account for increased precipitation

IFHMP considers anticipated impacts and includes

and runoff. These climate change impacts are taken

specific measures to mitigate additional flood risk

into consideration in the IFHMP’s dike upgrade plans

posed by climate change. In accordance with provin-

and new development regulations, which require that

cial guidance, Sḵwx̱wú7mesh/Squamish is planning

buildings be elevated to consider anticipated flood

for 1 m of sea-level rise by 2100 and 2 m by 2200.

levels.
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Figure 1. Flood dikes throughout the District of Squamish.1
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A view from the Squamish River training berm to the Squamish estuary. (Credit: David Roulston)

What has been done since 2017?
The table below reports on progress made on recommended actions from the previous 2017 article, where identified.
Many of these require ongoing action.

2017 ACTION

ACTION TAKEN

GOVERNMENT ACTIONS AND POLICY

Improve strategic dike
protection for the community
using techniques that reflect
an environmentally sensitive
approach.

In 2019, a 1-km long, $4-million upgrade to the Squamish River dike in
Brackendale to divert excess water was completed (Figure 1). A dike master
planning process has also been initiated to prepare a dike upgrade plan for
the eagle viewing area/Siyich’em Reserve in Brackendale (see Resources). In
2020, the building of 200 m of new sea dike is planned along the Mamquam
Blind Channel (an inlet of Átl’ḵa7tsem/Txwnéwu7ts/Howe Sound) beside
Xwu’nekw Park. Further dike upgrades are planned through redevelopment
of private waterfront lands.

Manage development in flood
hazard areas through updated
Official Community Plan (OCP),
DPA guidelines, bylaws, etc.

In 2017, the District adopted the community’s first Floodplain Bylaw (see
Resources), which establishes flood construction levels (the elevation that
habitable areas must be lifted to) and building setbacks from watercourses
and dikes.
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2017 ACTION

ACTION TAKEN

Limit continued densification
in the highest hazard areas.

In 2018, the District’s OCP was updated (see Resources), which adds strong
policy for community flood management and environmental protection;
discourages new development in the highest flood risk areas; and directs
new growth to lower risk areas. The OCP also includes a Development
Permit Area that designates critical floodways through the town and
establishes regulations for new development within those areas to avoid
increasing flood risk over time.

Action and policy to reduce
greenhouse gas emissions and
meet or exceed current targets.

The Council of the District of Squamish recently declared a Climate
Emergency. The District is focused on maintaining carbon neutrality
within corporate operations as part of the commitment to the Climate
Action Charter (CAC) (see Resources). This is an initiative developed by
the Province of B.C. to encourage municipalities to work towards carbon
neutrality within their corporate operations. The District is committed
to the CAC initiative and has actioned updates within the OCP in support
of this. Specific climate change mitigation measures that the District is
undertaking include:
• Developing a Community Carbon Marketplace, allowing the District to offset
corporate emissions with local emission-reducing projects.
• Establishing a citizen-led Climate Leadership Team that will work with the
Mayor, Council and a Consultant to develop a Community Climate Action
Plan that will provide insights into Squamish’s greenhouse gas emission
sources, establish bold actions to reduce emissions and capitalize on
available economic opportunities to work towards carbon neutrality.
• Preparing a Community Energy and Emissions Plan (CEEP).
• Encouraging compact land use patterns that support complete communities,
infill development, a diversity of transportation options and a greater mix of
land uses.
• Emphasizing active transportation and public transit as an essential part of
the District transportation and land use network.
• Ensuring that high-density employment areas are easily accessed by
active transportation and transit networks, and that local employment
opportunities provide alternatives to lengthy vehicle commutes.
• Supporting and advocating for the implementation of effective regional
transit services.
• Facilitating the development and coordinated management of low impact
alternative and renewable energy sources such as solar, bioenergy,
geothermal, wind power, micro hydro, small-scale hydro, or run-of-theriver hydroelectric projects.
• Reducing greenhouse gas emissions associated with landfill operations.
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What can you do?
A detailed overview of recommended actions relating to climate change is included in The path to zero carbon
municipalities (OWHS 2020). In some cases, no progress was identified on previous recommended actions; these
remain listed below.

Individual and Organization Actions:
• Become familiar with the current IFHMP. Be aware of flood hazards in your area and be prepared for an
emergency at your home and workplace.

Government Actions and Policy:
• Conduct further studies on impacts of flood control on environmental processes and continued alternatives
that work with nature.
• Continue to raise awareness of flood risks and responsible watershed stewardship.
• Incorporate latest climate change hazard assessments into emergency response planning.
• Complete complementary flood studies for unique hazards beyond the scope of the IFHMP as funding
permits.
• Maintain a toolkit (e.g., models, guidelines, and best practices) to support staff analysis and
recommendations to Council.
• Promote closer relationships with stakeholders from the river headwaters to Átl’ḵa7tsem/Txwnéwu7ts/Howe
Sound to facilitate working together.
• Continue to renew the IFHMP every five to 10 years.
• Begin planning for opportunistic retreat of key facilities and infrastructure from high flood hazard areas at
the end of their service life.
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Methods
The IFHMP was completed by a multi-disciplinary

Public engagement was a central element of this plan

team of engineers (i.e., civil, hydrotechnical, geo-

and included three public open houses, numerous on-

technical,

environmental

line surveys and workshops and several presentations

professionals. The plan was prepared in four phases

to Sḵwx̱wú7mesh Úxwumixw/Squamish Nation and

as follows:

District of Squamish Councils.

• BACKGROUND/GAP ANALYSIS. This phase included

Following completion of the IFHMP, the District com-

an in-depth review of previous flood studies, data,

pleted a Quantitative Risk Assessment (not available

and flood policy from around the world. The re-

online) for the Squamish River floodplain, which

view was summarized in a Background Report (see

evaluated risk to loss of life and economic risk. The

Resources).

study indicated a high level of risk to both loss of life

coastal),

planners

and

• COASTAL FLOOD MITIGATION STRATEGY. This
phase evaluated coastal flood hazards and prepared a coastal flood mitigation strategy, includ-

and economic loss in Sḵwx̱wú7mesh/Squamish and
reinforced the importance of implementing the measures developed in the IFHMP.

ing a conceptual design for a sea dike surrounding

Sḵwx̱wú7mesh/Squamish’s coastal perimeter (see
Resources).
• RIVER FLOOD MITIGATION STRATEGY. This phase
evaluated river flood hazards, including utilization
of a state-of-the-art two-dimensional floodplain
model to determine how fast and deep floodwaters
would move through the floodplain (see Resources).
• INTEGRATED

FLOOD

HAZARD

MANAGEMENT

PLAN. This phase brought together technical work
completed in the first three phases into a comprehensive final plan (see Resources).
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Resources
This list is not intended to be exhaustive. Omission of a resource does not preclude it from having value.
District of Squamish Integrated Flood Hazard
Management Plan Background Report. Available at:
https://squamish.ca/assets/
IFHMP/09252017/63a63fc5e6/FINALSquamishIFHMP-BackgroundReport_20170913.pdf
District of Squamish Coastal Flood Hazard Mitigation
Strategy. Available at:
https://squamish.ca/assets/IFHMP/09252017/
e51255a3e4/FINAL_SquamishIFHMP-Coastal-FloodRisk-Mitigation-Options_20170912.pdf
District of Squamish River Flood Hazard Mitigation
Strategy. Available at:
https://squamish.ca/assets/
IFHMP/09252017/0d6609c9a4/FINAL_
SquamishIFHMP-RiverFloodRiskMitigationOptio
ns-20170915.pdf

Eagle Viewing Area/Siyich’em Reserve Dike Master
Plan. Available at:
https://squamish.ca/yourgovernment/projects-andinitiatives/eaglesiyichemdike/
District of Squamish Floodplain Management Bylaw
No. 2676. Available at:
https://squamish.civicweb.net/filepro/
documents/19302?preview=162725
District of Squamish OCP and Zoning Bylaws.
Available at:
https://squamish.civicweb.net/filepro/
documents/68132
B.C. Government Climate Action Charter. Available at:
https://www2.gov.bc.ca/gov/content/governments/
local-governments/climate-action/bc-climateaction-charter

District of Squamish Integrated Flood Hazard
Management Plan. Available at:
https://squamish.ca/yourgovernment/projects-andinitiatives/completed-projects/2018-completedprojects/floodhazard/ifhmp-2016/
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