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CLIMATE

¥

Almost every part of southern Canada, from coast to coast, was warmer
at the end of the twentieth century than it was at the beginning.
Northwestern Canada has also seen strong warming over the past

50 years, but the Northeast has become cooler.

Most of Canada has become wetter, with increases in precipitation
ranging from 5% to 35%.

Because of increased precipitation, Canada was generally snowier at
the end of the twentieth century than at the beginning. Over the past
50 years, however, higher spring temperatures have reduced the
proportion of precipitation falling as snow in some parts of southern
Canada.

Sea surface temperatures have risen substantially on CanadaOs west coast
but appear to have changed little on the east coast.

NATURE

¥

Rising sea levels are making many areas along the Atlantic, Pacific, and
Beaufort Sea coasts more vulnerable to flooding and erosion.

Ice on rivers and lakes in most of Canada is breaking up earlier in the
spring. During the past 30B50 years, however, there has been a tendency
in much of the country towards earlier freezing dates in the fall.

Most glaciers in Canada are shrinking.

The area of the Canadian Arctic that is permanently covered by sea ice
has decreased by about a quarter since the late 1960s. Hudson Bay is
now ice free a week longer, on average, than it was 30 years ago.

A shorter ice season has made survival more difficult for polar bears on
the western side of Hudson Bay.



Warmer temperatures may be contributing to recent increases in the
population of the mountain pine beetle, an insect pest responsible for
the destruction of valuable timber in B.C.

Key stages in plant development, such as budding, leafing, and flowering,
are occurring earlier, mainly because of earlier and warmer spring
weather.

The traditional knowledge that aboriginal people relied on in the past to
live off the land is becoming harder to apply as a result of more variable
weather and changes in the timing of seasonal phenomena. A shorter,
less reliable ice season has also made winter travel, hunting, and fishing
in the North more difficult and dangerous.

Although recent years have been marked by severe drought on the
Prairies, long-term data do not show that droughts are occurring
more often.

Since 1900, data for the Great Lakes show periodic changes in water
levels but no long-term trend towards lower water levels. Recent low
water levels, however, have had important consequences for shipping,
hydroelectric generation, and wildlife.

The frost-free season has been getting longer in most parts of Canada
because the last spring frosts have been happening earlier.

Heating needs across most of Canada have decreased during the past
century. Many parts of the country have also seen cooling needs rise.

There is no strong evidence that extreme weather events have become
more common in Canada, even though the 1990s witnessed some of the
most damaging and costly weather disasters in Canadian history.




IS CANADAOS CLIMATE CHANGING?
And does it really matter?

limate affects just about every aspect of nature and human life.
e kinds of plants and animals that inhabit a particular place

are determined to a great extent by climate. So is the amount of
water in a river or the height of a shoreline. Likewise, our health and
safety, our comfort and mobility, our food supply, and our access to
water all depend in one way or another on climate, as do many
other things we need or value. When climate changes, all of these
are affected too B sometimes slightly, sometimes considerably,
sometimes for the better, and sometimes for the worse.

CanadaOs climate has begun to change in a number of ways, and
some impacts of those changes are already noticeable. As citizens we
need to be aware of those changes and their consequences for the
world around us. That is why the Canadian Council of Ministers of

the Environment (CCME) commissioned this report. Its objective is
not to predict how climate change might unfold in the future but to
give Canadians some idea of how a changing climate may already
have affected their lives and the environment.

To do so, it uses what are known as indicators. Indicators are simple
things that we can measure to learn about the condition of something more
complex. In medicine, for example, blood pressure or body temperature are
common indicators of the health of the human body. In economics, gross
domestic product (GDP) indicates the wealth of a country by measuring the
value of what it produces, usually in a year. Indicator measurements can also be
tracked over a period of time to show whether or not there has been a change
in condition. A change in GDP, for example, tells whether a country is getting
richer or poorer, at least in money terms.

Climate change indicators do much the same thing. Some of them help us
determine whether our climate is changing or not. These indicators are based on
features of climate, like temperature and precipitation. Others indicate whether

or not a changing climate is affecting the environment and peopleQs lives. These
indicators are aspects of nature (like glaciers or sea level) or peopleOs activities
(like growing garden plants or crops or heating our homes) that are considered
sensitive to changes in climate. By tracking changes in the indicators over time,
we can get a fairly good picture of how climate has been changing during the
same period. We can also see how these changes are affecting our daily lives
and how we might need to respond.

Nearly 100 possible indicators were examined for this report. The dozen that
remain are the ones that best met the following criteria.

¥ The indicator had to measure changes that are important either for people or
the environment.

¥ Data for the indicator had to be reliable and available for a long period of
time, ideally 50 to 100 years or more. This is so that we can be more certain
that the indicator is actually reflecting real, long-term changes in climate
rather than natural short-term variations or cycles that change every few years
or decades.

¥ The influence of climate on the
indicator had to be clear and direct.
This is sometimes a difficult
requirement, because the
environment and human activities
are almost always subject to several
forces of change at once.

¥ Data for the indicator had to be
available in most parts of the
country that the indicator is relevant
to. This helps us see differences in
the impacts of changes in climate
across the country.



The 12 indicators have been grouped into two sections. The first includes those
whose impacts are more directly on nature; the second, those whose impacts are
more directly on people.

Because of the size and diversity of Canada, changes in climate are not
occurring at the same rate or in the same way in every part of the country.
That means that the indicators will also show different results in different parts
of the country. To provide both the detail and the broader picture needed to
understand these changes, the report presents each indicator through the
following four elements:

¥ abrief introduction that explains the indicatorOs importance and sensitivity to
climate

¥ aFocus section that looks at how the indicator has behaved over a period of
time in a particular part of the country

¥ a context section, called The Bigger Picture, that summarizes how the
indicator has behaved in other parts
of the country or in the rest of the
world and considers some of its
implications

¥ a boxed story or list of facts that
highlights additional information
about the indicator and its
significance.

Most of the indicators are based on
data that have been collected and
analyzed by government or
university researchers. In selecting
sources, care was taken to ensure
that the reliability and statistical

significance of the data could be adequately assessed. Because this publication is
aimed at the general public, however, it does not provide extensive discussion of
analytical methods, although the statistical significance of the data is noted

where appropriate. Those interested in exploring such details further should refer
to the original sources of information listed at the back of the publication.

Some indicators also use information derived from traditional and local
knowledge. Traditional knowledge is the detailed environmental knowledge of
aboriginal peoples who still survive to a large extent by harvesting the plants,
animals, and other resources that the natural environment provides. It is expert
knowledge that depends on close observation, and some of it has been
accumulated over many generations.

CCME hopes that this brief report will give Canadians a better understanding of
how climate change can affect their lives and a desire to learn more about it.
The report ends, therefore, with references to sources of additional information
about climate change impacts and actions that individuals might take to address
their concerns about climate change in Canada.




CANADAOS CHANGING CLIMA

limate is often defined as average weather. More
recisely, it is the long-term average for a
particular time period and place. It is usually based on
weather data that cover a span of at least 30 years,
and it includes temperature, rain, snow, humidity,
wind, sunshine, air pressure, and other weather
characteristics.

Climate is naturally variable. It is never exactly the same
from one period to another. Sometimes it can shift
dramatically within a few hundred or thousand years,
as it does when ice ages begin and end. Usually it varies
within much narrower limits. For most of the past 1000
years, for example, the world0s average temperature
has remained within about half a degree of 14;C.

Over the past 100 or so years, however, the worldOs
climate has changed noticeably. The worldOs average
temperature was approximately 0.6;C warmer at the
end of the twentieth century than it was at the
beginning, and the 1990s were the hottest decade in
140 years of global climate records. Such changes may
seem trifling, but the difference between global
temperatures now and at the peak of the last ice age is

a mere 5¥4C. Evidence of earlier climates suggests that
global temperatures have warmed more during the
twentieth century than in any other century during the
past 1000 years.

Why are temperatures rising? Part of the reason may be
an increase in energy from the sun. But atmospheric
scientists attribute most of the warming over the past
50 years to increases in the quantity of greenhouse
gases in the atmosphere. These are gases like carbon
dioxide, methane, and nitrous oxide that absorb and

cooled. Because of the large size of Canada, it is no
surprise then that the rate, extent, and impact of
changes in climate vary from one part of the country to
another.

retain heat from the EarthGs surface. They are a small Climate Records

but extremely important part of the planetOs natural
atmosphere B so important, in fact, that without them,

Earth would be some 33iC cooler than it is now and
too cold to support life.

Since the early days of the industrial revolution some
200 years ago, huge increases in the burning of fossil
fuels like coal and oil and the replacement of large
areas of forest by farmland have greatly increased
atmospheric  concentrations of these gases.
Concentrations of carbon dioxide and other
greenhouse gases are still increasing, and as they do
climate scientists expect that global temperatures will
continue to get warmer.

Higher temperatures are not the whole story though.
They in turn give rise to changes in other features of
climate, such as rain and snowfall, winds, and the
movement of weather systems. As a result, the world is
not just becoming warmer. Weather patterns, like the
amount of rain or snow in a given season or the
occurrence of various weather extremes, are also
changing. Some of these changes are already
beginning to alter our environment B affecting the
shape and character of the landscape, the makeup and
behaviour of plant and animal communities, and the
quality of peopleCs lives.

Climate hasnOt changed evenly around the world. Some
parts of the globe have warmed more than the
average. Others have warmed less. Some have even

When studying climate change, researchers use
climate records that cover as long a period of time as
possible. That makes it easier to distinguish between
real, long-term change in the behaviour of the
climate system and temporary changes, lasting only a
few years or decades, that result from the systemOs
natural variability.

In Canada, long records dating back 100 years
or more are available for the southern half
of the country. However, in the North B Yukon, the
Northwest Territories, Nunavut, northern Quebec,
and northern Labrador B records dating from before
the 1950s are rare. To get the best possible
understanding of climate change in Canada, then,
we have to look at both a 100-year picture that
covers only the southern half of the country and a
50-year picture that covers the whole country.

The two pictures are generally similar, but in some
cases they disagree. That may be because changes
that can dominate the shorter 50-year picture do not
show up as strongly when looked at over a 100-year
time span. Or it may be that the 50-year pictureis
showing new changes that were not evident earlier.

It is difficult to determine, however, whether changes
that show up only in the 50-year picture are
temporary or represent a real and continuing pattern
of-change.



Temperature

Whether we look at the 50-year or the 100-year
picture, it is clear that temperatures have been
changing in just about every part of Canada. The 100-
year picture shows that southern Canada as a whole
warmed by 0.9iC between 1900 and 1998. During
that time, the greatest warming © about 1.5;C D took
place on the Prairies and the least b about 0.5;C B on
the east and west coasts.

The 50-year picture, from 1950 to 1998, is more
complicated. It still shows most of the country getting
warmer, especially in the West and Northwest.
However, it also shows that temperatures in parts of

Ontario, Quebec, and the Maritimes changed little
during this period, while the northeastern corner of the
country B eastern Baffin Island, northern Quebec, and
Newfoundland and Labrador, actually became cooler.
The greatest warming occurred in the Mackenzie Basin,
where the average annual temperature increased by
2iC over the 50 years. The greatest cooling B as much
as 1.5jC Db has been in parts of northern Quebec and
Labrador. For all of Canada, the average temperature
change during this period was 0.3;C.

In both the 50- and 100-year pictures, the greatest
amount of warming has occurred in spring, and the
next greatest in winter. Of all the seasons, fall has
warmed the least.

Regional Trends in Average Annual Temperature

SourceAdapted from Zhang et al., 2000
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Over the course of the twentieth century, all of southern
Canada, from B.C. to Newfoundland and Labrador,

warmed to some extent. In these maps, southern Canada indicates results that are statistically significant. Thatslightly until the late 1960s but have continued to rise since

is defined as the region lying south of the 60th parallel

(the line that forms the northern border of B.C., Alberta,

Saskatchewan, and Manitoba).
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The graph shows the difference between each yearOs avel
temperature and the average for 1961 to 1990. The dark lir
running through each plot smooths out the year-to-year

differences and makes it easier to see the general pattern

Since 1950, the greatest warming has occurred in thehange over time. In southern Canada, temperatures rose

West and Northwest, while the Northeast has cooled répidly between the early 1900s and the 1940s. They then

means that scientists have a high degree of confideripen.

are not just due to chance.

that the changes are part of a real long-term trend and




CANADAOS CHANGING CLIMA

Highs and Lows

Climate change is usually discussed in terms of changes

in average temperature, but averages donOt tell the
whole story. How warm it gets during the day and how
cool it gets at night can also have important effects on
people and the environment. Daily highs, for example,
have a substantial influence on the growth of plants,
while overnight lows determine when the first and last
frosts occur and thus influence the length of the
growing season.

For humans, higher daytime temperatures reduce
heating requirements in the winter but increase the
need for cooling in the summer. In the North, warmer

nighttime temperatures affect transportation by

shortening the number of weeks in which it is possible
to travel on the ice and frozen ground. Changes in daily
highs and overnight lows can have numerous other
effects as well on everything from human health and
safety to the survival of insect pests.

Over the past 100 years, daily high temperatures have
risen in every province of Canada. Daily lows, however,

have risen much more B in some cases twice as much,

mainly because of strong nighttime warming in the
earlier part of the last century. Both highs and lows
have also increased more in winter than in summer.

In the shorter 50-year record, in contrast, significant
differences between daytime and nightime warming
do not show up in many parts of the country. However,
some important seasonal differences are apparent. In
CanadaOs Northwest, both winter and summer
temperatures have increased, but the increase in winter
temperatures has been much greater. In the Northeast,
temperatures have cooled in winter but have become
somewhat warmer in summer.

What all of this means is that B except for the
northeastern corner of the country ® more warming
has gone on at the lower end of the temperature scale
than at the higher end. The reduction in the number of

cold winter nights has been more noticeable than the
increase in hot summer days. So far, then, a warming
climate has not made Canada appreciably hotter, but it
has made it less cold.
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Over the past 100 years, overnight lows warmed more than daily highs across all of southern Canada. For the pe
differences between daytime and nighttime temperatures have been far less striking. The xOs in all maps indicat
are statistically significant.



Precipitation

As well as becoming warmer, most of Canada has
become wetter. Almost all of southern Canada, except
the southern Prairies, saw significant increases in
precipitation between 1900 and 1998. Most of

southern Canada now receives about 5930% more
precipitation than it did in 1900. Since 1950, the

central Arctic has also seen significant increases, in

some cases as much as 35%. The increases were

evident in all seasons, although since 1950 they have
been most widespread during the fall. Some parts of
the country, however, experienced seasonal decreases

in precipitation during this period. These occurred
mostly in winter and spring.

The trend towards more precipitation is consistent with
the way that our climate is expected to change in a
warming world. That is because higher temperatures
evaporate more water from the EarthOs surface and a
warmer atmosphere can hold more water vapour. That
makes more moisture available in the air to fall as rain
or snow, and in most regions that is likely to result in
more precipitation during the year. Some areas may still
get drier, however, as a result of changes in the
circulation of the atmosphere.

Regional Precipitation Trends
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SourceAdapted from Zhang et al., 2000
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Canada has become wetter during the twentieth century.
The graph shows the difference (in per cent) between eacr
yearOs average precipitation and the average for 1961919
The dark line through the centre of each plot smooths out
year-to-year differences so that longer-term changes are
easier to see.

The maps show average changes in annual precipitation (in per cent) for southern Canada between 1900 and 1998 and all of
Canada between 1950 and 1998. Almost all of the country, except parts of the southern Prairies, has seen an increase. An x

indicates changes that are statistically significant.



























































































































