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Environment Canada, 1993: A matter of degrees: a primer on global warming. The Environmental Citizenship Series, 89 p.

Scientists now know that Earth's climate has been much
more stable and far warmer during the last 10 000 years
than at any other time in the last 100 000 years. This
remarkable stability has allowed human society to
flourish. Even so, there have been changes in climate
over this period, with far-reaching effects.

A vast sheet of ice more than
1.5 km thick covered what is now
Vancouver at the peak of the last
ice age 16,000 years ago. Climate
warmed rapidly at the end of the
ice age, melting ice sheets and
creating more habitable conditions.

, and Vinnikov, K.Ya., 1990: Observed climate variations and change; in Climate Change: the IPCC (Intergovernmental Panel on
tific Assessment, Cambridge University Press, p. 195-238.

| and its atmosphere.
‘ atmosphere, the so-called 'greenhouse effect, is caused by
gases that absorb long-wave radiation emitted by the Earth.

The Earth's solar energy budget
Nearly one third of the incoming short-wave radiation from
the Sun is reflected back into space by clouds and the
Earth's surface. The remainder is absorbed by the Earth
The heat-trapping quality of the

Did you know?

Greenhouse gases accumulate in the atmosphere
because their molecules have life spans of decades

oreven centuries.
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Global war .
ocean food chail A€

Nature's thermometers

Glaciers expand when climate cools
and they shrink when it warms. The
margin of Wedgemont Glacier, near
Whistler, has retreated hundreds of :
metres over the last two decades, | St
due mainly to melting during warm
summers. Most glaciers around the
world are shrinking, proof that
climate is warming.

9000 years ago, average temperatures in
southern British Columbia were 1° to 2° C
warmer than today.

Pace of glohal warming
ming threatens __ ted
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er greenhouse theory
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Experts have different opinions about the
future of our climate. How do you determine
o whois right?

Did you know?
The twentieth century was the warmest
| century of the last 1000 years, and the 1990s
(¢ wasthe warmest decade of that century.

Front-page news
Weather is the moment-to-moment
state of atmospheric conditions,
such as temperature, precipitation,
finds wind, clouds, and air pressure.
Climate is the expected or general
pattern of weather for a place or

extended periods of

time. Climate never used to make
the news, but unusual

weather
recent years seem fo

have everyone talking about it now.
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Did you know?

‘Is climate changing?

Heating up fast: [ [4cC
the 1980s and 1990s /
Over the past 140 years, Earth's atmosphere has /m | 35
warmed. The temperature increase has not been /5’
steady, but since the 1980s warming has /55
accelerated. Scientists are concerned that we are @é” .
entering a period of unprecedented global warming {g@ r2°C
caused by humans. Ve
i
O Global temperature change /7 L 1°C
g 0.6 | /
) Average global mean
[+}]
S Cof 0C
(0}
g, -0.6 | ] Source: Environment Canada, 1993
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A much different future

This map shows predicted differences in global surface air

fe
pr

mperatures between 1910 and 2040. The greatest differences are
edicted to be at high latitudes and in the interior of continents.

Canada may experience more temperature change over the next several

decades than most regions of the world.

Source: Envionmmm
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Climate has always changed
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Global temperature change
over 10 000 Years
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How can we be sure that
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Did you

much like itis today—the so-called

settlements.

1800s.

The carbon balance
Carbon is present in the atmosphere and oceans. Huge
amounts of carbon are also stored within the Earth in fossil
fuels and sedimentary rocks, and on the Earth's surface in
vegetation and soils. Carbon occurs in the atmosphere mainly
in the form of CO,. Before the Industrial Revolution,
additions of CO; and other greenhouse gases to the
atmosphere were balanced by removals, thus atmospheric

Atmospheric
carbon dioxide (C02)
methane (CH4)

Removals

Controls on

atmospheric carbon
levels

Phytoplankton

=S

gut®

Coal, oil, gas, tar sands

Carbonate
rocks

Source: Pembina Institute

]
8000 BC

Environment Canada, 1993, A matter of degrees: a primer on global warming. The Environmental Citizenship Series, 89 p.

Smog trapped
in Fraser Valley

What can be done to reduce the
amount of air pollution in the lower

Fraser Valley?

Temperature
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Source: Greater Vancouver Regional District, Environment Canada
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winds, but on calm days they

The pollutants worsen asthma,

Okanagan River valley.

4

quality where you live?
caused this change?

Chidliwack

1 |
] Akm

Vancouver, Penticton, Kelowna, and some other
cities in southern British Columbia lie within
valleys whose mountain walls trap polluted air.
Airborne pollutants are usually dispersed by

concentrated beneath a layer of warmer air.

function, and can even cause death. 'Bad air'
days and related health costs will increase if
summers become warmer, drier,
The problem will worsen as more people, driving
more cars, move to the Lower Mainland and the

Have you noticed a change in air

4000 BC

know?

Vikings settled Greenland during a warm period, when climate was
‘Medieval Warm Period’ between
1000 AD and 1200 AD. Climate cooled in the thirteenth and
fourteenth centuries, forcing Vikings to abandon their Greenland

Europe experienced unusually cold weather during the ‘Little Ice
Age,’ which began in the thirteenth century and ended in the late

6reenhouse gases:
the big three
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Mann, M.E., Bradley, R.S., and Hughes, M.K., 1999: Northern hemisphere temperatures during the past millennium: inferences, uncertainties, and
limitations; in Geophysical Research Letters v. 26, no. 6, p. 759-762.

The great CO, buildup

CO; concentrations in the atmosphere have
increased 30% since the start of the Industrial
Revolution in the 1700s. Scientists predict that
atmospheric CO, will double from pre-industrial
levels in the next 40 to 60 years. The cause of the
rapid buildup of CO, is human activities: burning
fossil fuels (coal, oil, and natural gas), agricultural

N,O practices, and deforestation. There is widespread
concern that the recent dramatic buildup of CO, and

-‘.‘\@m other greenhouse gases is changing our climate. The
Afgerr!l(i:llijzlg:‘;al continuing buildup of these gases is expected to

profoundly warm the planet.

landfills, rice paddies

The main energy-absorbing or greenhouse gases, aside
from water vapour (H,0), are carbon dioxide (CO;),
methane (CH,), and nitrous oxide (N,0). CH,4and N,O ®
absorb far more long-wave radiation than CO,, and are
much more potent greenhouse gases. However, CO, has
the greatest influence because it is much more abundant

than the other two gases.

released as COs.

How can we reduce the
amount of carbon in the

atmosphere?

500
Atmospheric 8 450
CO; »
concentrations /A
q ™ 400
Did you know?
Venus, our planetary neighbour, has an g c 350l | Witneuse Initiative on q
atmosphere thatis 98% CO,. Due to the extreme g;:’ Gilobal Change; IPCC 350
greenhouse effect, temperatures reach 430°C. cE
Similar conditions would exist on Earth if all the 238
carbon stored in rock and vegetation were to be 8a 300 N300
&
T T T
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The air we breathe

Did you know?
Motor vehicle exhaust is the source of
nearly 30% of greenhouse gas

can become

impair lung

and longer.

What has

Coastal floods and failin

Climatologists predict that future winters will be wetter
and stormier in coastal British Columbia. If so, we can
expect more floods.

Is your community
safe from floods?

1991 flood, Iéritannia Beach
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Did you know?
In 1948, the Fraser River overflowed protective
dykes in the Fraser Valley and flooded paris of
Mission, Matsqui, and Chilliwack. Sixteen thousand
people were forced out of their homes by the
floodwaters, and total losses amounted to about
$200 million (in 1999 dollars).

Origin of a
debris flow

Wetter winters mean less stable slopes and
more landslides. Of greatest concern are
‘debris flows' — watery slurries of mud, gravel,
and boulders that travel at high speeds down
steep mountain stream courses during heavy
rains. Damaging debris flows will become more
common if our climate gets wetter.

Intense
rain
storm

Slump of
sediment into
stream forms

Debris flow
%‘ descends stream
4 at high speed

N/

Debris flow spreads out,
damaging buildings

Source: Turner et al., 1986

emissions in the lower Fraser Valley.
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Killer debris flow

A debris flow swept through the village of Lions Bay in February
1983, killing two people.

What has been done to protect residents of Lions Bay and
travellers along the Sea-to-Sky Highway from debris flows?
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the atmosphere has no borders!

=~ Nanaimo
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Me are altering the composition of the atmosphere, causing climate to change.

Scientists predict that by the middle of the twenty-first century, average
temperatures in southwestern British Columbia will be several degrees warmer
than today, and that winters will be wetter and summers drier. Such changes
would be the largest and most rapid of the last 10 000 years and would have
profound effects on our lives and the ecosystems that support us. We are all in
this together. Climate change is a global issue, not just a regional or local one —

Rising seas

Types of shorelines

Most glaciers will shrink as climate warms, and the water from the
melting glaciers will raise sea level. Ocean waters will expand as
they warm, causing the sea to rise further. The expected rise in
sea level over the next 100 years is 15 cm to 95 cm. The effect
will be greater in areas such as the Fraser River delta, where the
land is slowly sinking due to forces operating deep within the
Earth. Sea level could rise much more if parts of the large ice
sheets in Antarcticaand Greenland were to melt.

Vulnerable shorelines
As sea level rises, shores formed of loose, easily eroded
sediments may shift inland. Even today, parts of the coastline of
the Strait of Georgia are eroded by waves during winter storms.
Higher seas may also flood deltas, tidal marshes, and other low-
lying coastal areas. Dykes may have to be built or upgraded to
protect these areas.

/

| it |

s%e%e Shoreline vulnerable to erosion
[ ] FraserRiver delta

&  Other deltas
If sea level is going to be higher in the
future, should we restrict development

® along our shorelines?
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Eroding cliffs

The sea cliff at Point Grey near
Vancouver is formed of loose,
erodible sands and silts. It
retreated at rates of up to
60 cm per year before 1982,
when coarse gravel was placed
at the shore to protect the
base of the cliff from wave
erosion.

Climate change will

affect the habitat, food

® supply, and migration
patterns of birds. Some

bird species will increase, and
others will decline. What impact
would the loss of Fraser Delta
marshes have on ducks, geese,
and shorebirds that migrate along
the Pacific Flyway?

SJlIplIM Ueipeues

Critical marshes at risk
Fraser Delta tidal marshes are critical habitats for
waterfowl, shorebirds, and salmon fry. A rise insea level
may drown the marshes or squeeze them against sea
dykes that protect Richmond, Ladner, and Delta.

‘Coastal Squeeze’

Today o p Future Richmond
Higher
Dyke sea level E,;::’::
Marsh
1999 sea level

Delta sediment

Clague, J.J. and Bornhold, B.D., 1980: Morphology and littoral processes of the Pacific coast of Canada; in The Coastline of Canada, Littoral Processes and Shore
Morphology; Geological Survey of Canada, Paper 80-10, p. 339-380.

Goodbye salmon, hello tuna?
Pacific salmon live in cool ocean waters. Southern
British Columbia is near the southern limit of their
range. Warming of the North Pacific could force
salmon northward, reducing their numbers in rivers
in southern British Columbia. Warm-water fish,
such as tuna and mackerel, may take their place.

Did you know?

Warmer rivers stress salmon
A warmer climate also poses problems for salmon as
they move upriver to spawn. Salmon stop eating
and rely on stored fat when they enter fresh water
for the swim upstream. Salmon are cold-blooded
— their metabolism is tied to the temperature of
the surrounding water. If the water is too warm,
salmon use up their energy stores and are unable to
reach their spawning grounds. Warmer waters
also increase the risk of bacterial and
fungal infections in salmon.

Mreg ﬁa]ex

Arctic Ocean

o
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S0 o 00°°

North Pacific _ &%-

Too warm
for salmon

|:| range of sockeye salmon

What can be done to ensure that salmon

': continue to survive in our rivers?

Mackerel, a warm-water fish species, has been found in recent
years in the waters off Vancouver Island. There is concern that
mackerel may eat young salmon, further depleting stocks.

What impact would fewer salmon returning
to spawn in the Fraser River and its

?

® tributaries have on the economy of British
Columbia?

Warmer winter
reduced snowpack,
and snowmelt

‘ Longer

’A summer
\ / \ drought

Stressed salmon
reach spawning
grounds, but

Salmon die

Warmer waters
increase bacterial/
fungal infections

en route due fail to spawn
to exhaustion

and infection

of salmon
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Salmon’s journey home

Burghner, R.L., 1991: Life history of sockeye salmon; in Pacific Salmon Life Histories, University of British Columbia, p. 3-117

1661 4suybing :e2.inog

Low-water blues

Upper Similkameen River

Changing river flow e

Stream flow in the southern Interior has changed over the Averaged flows 13;14:33

last 30 years. Spring runoff starts earlier and autumn rains

come later, extending the period of low summer flow. More Greater

precipitation falls as rain than as snow in autumn, therefore & 'ii"',i;’ a“rg’i:‘"

snowpacks are smaller. Smaller snowpacks result in lower 3 melt t g

stream flow in summer. These trends will continue if climate E 10+ « IIExterflIded 8

continues to warm. 8 %t;i&w %
o 2

Longer, warmer summers and lower, summer stream flows will §

affect hydroelectric power generation. Inthe future, some Lower %

reservoirs may not fill to their present levels, and the amount ; ow 8

of electricity generated from them will be less than today. Jan. 1 April1  Junei  Sept.1  Dec.31

Date

Did you know?
Hydroelectric reservoirs
supply 90% of British
Columbia's electrical
power needs.

what can be done to conserve and

9 As demand for water increases,
@®  sharethis precious resource?

Did you know?
On average, each person
uses over 300 L of water at
home every day. This is
equal to about one full
bathtub. The amount

Faucets
> Toilets

increases to about 600 L per day
when we include our indirect use of “
water through businesses and 2%
services that support us. If we had
to retrieve this amount of water, it
would take some 75 trips witha 4 L
jugin each hand.

_ 2%
Dishwasher. A A - Baths

Typical water use
inside a home

Aqisem 910

The water balance: running a deficit
Summers are dry and hot in southern Interior valleys such as the Okanagan.
Climate warming will affect the water balance in these valleys. Less
precipitation may fall as snow, and less water would be stored in the
mountains over the winter. Evaporation and plant transpiration will increase
during the longer, warmer summer. Lake levels may fall, while the demand
for irrigation and municipal water will increase.

Increased
evaporation
from lakes

Longer, hotter
summer, increased
evapotranspiration

Increased agricultural
irrigation demand

ater @ Earlier snowmelt

and increased
evapotranspiration

Reduced
groundwater /V Warmer surface lowers summer watertable
flow into water
streams Drawdown <ailae Population growth
of summer water table

increases municipal
water demand on
stream-water resource

by water wells

Okanagan Valley water budget

Leith, R.M.M. and Wakefield, PH., 1998: Evidence of climate change effects on the hydrology of streams in south-central B. C.; Canadian Water Resources Journal,
v.23,n.3, p.219-230.
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Water table
Lower water table

Changes in Southern Interior forests

As climate warms, some plant species in BritishColumbia's Interior will
extend their ranges northward and to higher elevations.
tolerant trees, such as Douglas fir and Ponderosa pine, will be favoured

over trees requiring more moisture, such as spruce. Dry grasslands may replace Douglas fir
forests in some areas, and trees will invade alpine meadows. Plants adapted to the new climate
will appear first in areas disturbed by fire, logging, and extreme drought. Changes in forest
composition, tree growth, fire frequency, and insect infestation will affect how and where
trees are harvested and replanted.

Hebda, R.J., 1997, Impact of climate change on biogeoclimatic zones of British Columbia and Yukon, in Responding to Global Climate Change in British Columbia and Yukon, eds. E. Taylor and B. Taylor; Environment Canada and British Columbia Ministry of Environment, Lands and Parks, p. 13-1-13-15.

Grassland and poorly

scattered pine

I:' Forest

‘ ‘ reduces soil moisture

Effects of climate change on forests and forestry

Drought-

Did you know?
The cost of fighting forest fires in British
Columbia during the hot dry summer of
1998 was $120 million. ®

How will the British Columbia
forest industry adapt to
climate change?
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Down on the farm

Mixed blessings in the Interior
Climate change is expected to bring warmer year-round temperatures,
wetter springs, and drier summers to interior valleys such as the
Okanagan and Similkameen. Vineyards and orchards, currently limited
to the southern Okanagan, could spread as far north as Kamloops.
Severe winter cold may be reduced, but the drier, warmer, summer
climate will increase drought during the growing season.

Did You Know?

Warmer spring temperatures have
already lengthened the Okanagan
growing season. Mcintosh apples
at Summerland, British Columbia,
usually bloomin May. However, of
the eight times since 1937 when
they have bloomed earlier, five
have occurred since 1987.
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Warmer

Will less water be
9 available for agriculture
in the Okanagan as its

® cities and towns grow
and climate warms?

How can farmers
adapt to climate

@ change?

We are all in this together

The uncertainty

Although we know that climate will change, the magnitude
and rate of this change are not known. The resulting costs e a bad situation unfolds in slow motion,
and benefits are also unknown. Why should we act?

The risks

The risks are high. We may be
facing unprecedented changes
in climate that will affect how
we live.

Action

By reducing our greenhouse-gas
emissions, we can slow the rate
and eventual magnitude of
climate change. But we will also
have to adapt, because some
climatechangeisnowinevitable.

This poster is available from
Geological Survey of Canada offices:

101-605 Robson St.
Vancouver, B.C.,V6B 5J3

601 Booth Street
Ottawa, Ontario K1A OE8

3303-33rd Street N.W.
Calgary, Alberta T2L 2A7

Website: www.nrcan.gc.ca/gsc/
Aussi disponible en frangais

Look for this poster,

www.climatechangecanada.org

Want to know more?

E. Taylor and B. Taylor (editors), 1997: Responding to
global climate change in British Columbia and Yukon.
Volume I of the Canada country study: climate
impacts and adaptation; Environment Canada and
British Columbia Ministry of Environment, Lands and

Parks, 350 p.

Library catalogue number QC981.8C5F87 1997

Why do you think Canadians
rank second in per capita CO,
emissions? One reason is our
® cold winters. This cannot be
changed, butwhat can?

Did you know?
Canada has about 0.5% of the
world's population but produces
2% of global CO, emissions.

Federal Government
Provincial Government

Municipal/Regional

A50% to 60% reduction in present global emissions o Indust consumer, as a voter, through
Government of carbon dioxide would be required to stabilize . Electri::yity generation 75% ® community involvement?
Businesses atmospheric CO» concentrations at current levels. « Fossil fuel production Other Canadian emissions

Community Groups

Individuals

teachers'

. 1
temperatures g
increase
growing season
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Agriculture potential
expands northward
and to higher elevation

More crop damage
by pests due to greater
numbers and increased
winter survival

Reduced winter
heating and increased
summer cooling
costs for greenhouse

production.

Decreased
winter cold

injury
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S Reaping some benefits on the coast
Warmer year-round temperatures and drier summers and autumns should benefit
agriculture in the Fraser Valley and on southern Vancouver Island. A longer and warmer
growing season will lead to higher yields and more diverse crops. On the other hand, warmer
winters may increase insect pests, and wetter springs may delay planting, reducing the
benefits of warmer weather during the growing season.

Hotter, drier
summers increase
requirement for irrigation;
where water supply is limited
productivity is reduced

Impacts of climate change on agriculture

Introduction of new
crops suited to longer
warmer growing season

-
Water
well

_________________________ 6
Global CO, emissions

per capita
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Qé 3 %4 W\ surest way to reduce its own weight in CO.
g_: greenhouse gas emissions.

How can you help reduce
these emissions—as a

Did you know? « Transportation

Underthe Kyoto Protocol, participating countries set
an average emission reduction target of 5.2% below
1990 levels by approximately 2010. Canada'starget
is6%.

o Agriculture
« Commercial and
institutional waste

Source: Environment Canada

Let's meet the challenge

Why aren't we acting?
People tend to respond best to immediate crises. But what if:

'Wind turbine.

Solar panel farm.

‘ o the most serious impacts are decades away,
o the issue is so complex, it's hard to pinpoint cause and effect,
o the cause of the problem is invisible,
e we assume someone else is working on a solution, and

many people don't believe there is a problem.

Better safe than sorry!
We need to proceed cautiously when
our actions may have long-term
negative consequences. Shouldn't we
reduce greenhouse-gas emissions now
to lessen the negative impacts of
climate change in the future? The
longer we wait to take action, the
fewer options we may have for dealing
with climate change.

Atmospheric concentrations
of greenhouse gases

Which path
will we choose? £

Emissions Impacts

Dangerous human
interference with
the climate system

Our

High
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Our

Choice 5\@"\ Future @ Necessity is the mother of invention
= s,‘“egs"‘ Our climate crisis has created a demand for good ideas
Who, me? In#se B that will reduce our greenhouse gas emissions - new
"Never doubt that a small group of Naturaliadaptation technologies, alternative energy sources, progressive
committed people can change the world. Decrease Let's meet the challeng® Low toagradual government policies, and lifestyle choices. We can be
Indeed, it is the only thing that has.” change in climate innovators at home, where we work, in the marketplace,

Margaret Mead and within our communities. It'sup tous!
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