
Climate Science
Mounting scientific evidence confirms that
the Earth’s climate is changing, fuelled by
increasing atmospheric greenhouse gases
produced by human activities.

How much change are we talking about?
Climate monitoring indicates that the global
average temperature has increased more in
the last century than over the past 1,000 years
at least. According to the Third Assessment
Report of the Intergovernmental Panel on Climate
Change (IPCC), released in 2001, the global
average surface temperature is expected to
further increase between 1.4 and 5.8°C in this
century. This rate of change is unprecedented
in at least the past 10,000 years.

Global averages give the big picture, but
changes to regional climate help us under-
stand how warming will affect Canadian
society and the environment. And while
regional changes are still difficult to predict,
climate models already reveal that large

parts of Canada will experience greater
warming than the global average.

While there may be benefits in certain
regions, warmer temperatures could also
mean changes in water supply, leading to
more drought in some areas and increased
flooding in others. Extreme weather events,
such as heat waves and storms, could also
become more frequent and more severe,
causing damage to property and
endangering people’s lives.

C L I M A T E  S C I E N C E  I N  C A N A D A

The Government of Canada created the Climate Change
Action Fund in 1998. The Science constituent within 
the Science, Impacts and Adaptation component of the
Fund supports research to increase our understanding 
of the climate system, how it operates, and how it 
might change.

climate monitoring

Through the Argo project, monitoring devices 
gather data from the world’s oceans and transmit
them via satellite.
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To make informed decisions on
tackling climate change — by
reducing greenhouse gas emissions
and adapting to anticipated impacts,
for instance — we need a better
understanding of the climate system
and how it responds to increasing
levels of greenhouse gases. Through
climate change research, scientists
track the climate, gain insight into
how and why it is changing, and
estimate future climate.

Climate Monitoring
Climate monitoring includes the
observation, recording and analysis
of the past and present state of
climate based on “proxy” sources 
of data (such as tree rings and
geological records) and measure-
ments from systematic climate
networks around the world. Only 
by understanding the past state of
the climate and its natural
variability can we determine the
extent to which climate is changing
and whether human activities are
fuelling this change. To achieve this,
scientists monitor five components
of the climate system: atmosphere,
oceans, hydrology, land surface 
and cryosphere.

• Atmospheric data include the 
type of information routinely
measured for predicting the
weather — temperature, wind
velocity, air pressure, clouds and
precipitation. This information is
fundamental to monitoring the
climate system and identifying
when it changes.

• The world’s oceans are a reservoir
for heat and greenhouse gases
such as carbon dioxide; 70% of 
the world’s surface is covered 
by oceans, making them an
important player in our climate.

Some of the key oceanographic
parameters include temperature,
salinity, currents, sea level and
CO2 content.

• The hydrological cycle describes
how water flows around our
planet and is an integral part of
the Earth’s climate system. We
need to monitor and understand
key aspects of the hydrological
cycle (e.g., river and stream flow)
to be able to build the computer
models necessary to predict
changes in the climate system.

• Terrestrial systems (e.g., forests,
soils and wetlands) play an
important role in determining how
long greenhouse gases stay in the
atmosphere, and in absorbing and
reflecting energy from the sun.

• The cryosphere refers primarily 
to ice, snow, permafrost and
glaciers and is a significant part of
the climate system, particularly in 
the North.

Scientists have pieced together the
Earth’s climate history as far back as
400,000 years by analyzing a variety of
evidence, including that collected
from tree rings (an indicator of growth
rate, which is influenced by climate),
coral reefs and glacial ice cores (parti-
cularly the tiny air bubbles in glacial
ice). The climate information
developed from this evidence can
then be compared with recent climate
records. In this way, a picture can be
developed of the change in climate
from one time period to another.

This systematic climate monitoring
provides valuable information used
in developing climate models that
project future trends. Tracking
changes in temperature will also
help to determine the effectiveness
of greenhouse gas emission
reduction measures.

Because Canada is such a large
country with many different climates
and types of ecosystems, a variety 
of methods are used to ensure
systematic observations are collected,
assessed for quality and stored for
future use. For instance, ongoing
monitoring includes the use of:

• a national network of atmospheric
climate observation stations;

• a network of stations to measure
river run-off; 

• an ocean monitoring component
(e.g., water temperature and
motion);

• remote sensing (e.g., gathering
data by using sensors on satellites)
and other technologies; and

• systems to store and share data
collected by federal, provincial and
territorial governments and the
private sector.

Improving the 
State of Climate
Monitoring
For the data collected from 
climate monitoring to be useful,
measurements have to be taken 
over decades. Any gaps in infor-
mation make it harder to spot
trends and changes in climate.

A researcher measures streamflow using 
dye injection techniques.
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However, systematic climate
monitoring has declined in 
Canada and around the world 
in recent years. In Canada, the
existing atmospheric measurement
network has fallen well below
international standards,
particularly in northern 
regions and over the expanses 
of oceans off our shores.

To start to address this decline,
Canada and other nations are 
taking steps to improve the 
state of climate monitoring.
At the Fourth Conference of the
Parties to the United Nations
Framework Convention on 
Climate Change (UNFCCC),
held in Buenos Aires in 1998,
participants passed a resolution 
to reverse the decline in global
systematic observations.

Climate Change
Action Fund Projects
In 1999, the Climate Change 
Action Fund (CCAF) supported a
comprehensive benchmark project
entitled the “Preparation of a
Canadian Global Climate Observing
System (GCOS) Plan,” which
identified a number of actions
required to address gaps in our
systematic monitoring networks and

help fulfill Canada’s
obligations under the
UNFCCC in the area of
monitoring. The CCAF
subsequently supported
a number of activities to
determine how to fill
the gaps in climate
monitoring and plan for
possible future
activities. These projects
have helped provide 
the much-needed infor-
mation base for climate
monitoring. They focused
on the following areas: 

Atmosphere
• assessing the national require-

ments for supplementary climate
monitoring networks, which
supply measurements that include
sunshine, wind speed and
direction, and snow cover;

• converting one-of-a-kind paper
files on climate station history and
procedures into a format that will
make the information readily
available via the Internet; 

Oceans
• improving the sensor used in

Canada’s moored buoy network 
to better measure sea surface
temperature;

• assessing how best to use data
from ocean tide gauges in climate
models. Results showed the
usefulness of existing monitoring
data in understanding water
circulation in the North Atlantic.
This research also identified the
need for additional sea level
monitoring at high latitudes;

• demonstrating how a combination
of satellite and on-site information 
can describe both the season-to-
season and year-to-year variations
of ocean phytoplankton mass and
growth. This microscopic ocean
algae plays a role in the climate
system as it takes up carbon
dioxide from the atmosphere;

This Advanced Very High Resolution Radiometer Image from
NOAA shows ice conditions (purple area) in the Beaufort Sea.
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This snow depth sensor in Nunavut is part 
of a national network of climate observing
stations stretching from coast to coast and
into Canada’s North.
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Climate monitoring is critical in the North, where climate change is expected to bring a greater
degree of warming.
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Aussi disponible en français

Climate monitoring is one of the building blocks to help us understand how
our climate is changing and how we can adapt to it. As such, it is one of 
the science measures included in Action Plan 2000 on Climate Change, the
Government of Canada’s strategy to tackle greenhouse gas emissions and
help Canada meet its commitments under the Kyoto Protocol. 

One of the Plan’s key activities is to fill the critical gaps in the national
monitoring network, especially in the North.  The Government of Canada is
investing $10 million in activities targeting Canada’s atmospheric, oceanographic
and cryospheric networks. Federal departments are working with Canadian
universities and provincial and territorial agencies on such activities as: 

• expanding Canada's contribution to atmospheric monitoring as part of the
international Global Climate Observing System Surface Network,
particularly in the North; 

• deploying a series of ocean floats to measure temperature and salinity in
Canadian waters, and a series of tide gauges in Canadian Arctic waters; 

• enhancing and/or establishing Canadian monitoring systems for snow,
permafrost, glaciers, and sea and freshwater ice.

We have also produced, as part of an international effort, a report entitled
The Canadian National Report on Systematic Observations for Climate,
detailing Canada’s program of systematic climate observations. 

While much remains to be done, the work supported through the Climate
Change Action Fund and the new initiatives under way through Action Plan
2000 are significant steps in addressing some of the gaps in our ability to
monitor the climate. As well, to help ensure Canada has the scientific tools

and capacity to tackle climate change over the longer term and support the
elaboration of the Climate Change Plan for Canada, a Climate Science Agenda
for Canada is being developed.

WEB SITES:

National Climate and Water Archive:
www.msc-smc.ec.gc.ca/climate/index_e.cfm

Marine Environmental Data Service (MEDS):
www.meds-sdmm.dfo-mpo.gc.ca

Glaciers and Permfrost: sts.gsc.nrcan.gc.ca

Cryosphere: www.crysys.uwaterloo.ca/

Ecological Monitoring and Assessment Network (EMAN):
www.eman-rese.ca/

Agriculture and Agri-Food Canada: www.agr.ca

Canadian Soil Information System:
sis.agr.gc.ca/cansis/intro.html

Canadian Forest Service:
www.nrcan-rncan.gc.ca/cfs-scf/index_e.html

The Canadian National Report on Systematic Observations 
for Climate:
http://www.ec.gc.ca/climate/CCAF-FACC/Science/nat2002/toc_e.htm

This fact sheet is one in a series describing key topics in climate science and 
Canada’s activities.

What’s Next

• developing techniques to map sea
level using satellite and on-site
measurements. Over 330 station-
years of data were incorporated
into a central database. This 
work also identified a core set 
of Canadian coastal stations 
for long-term sea level
measurements;

Hydrology
• analyzing the long-term record

from Canada’s network of

hydrometric (river and stream
flow) stations, and the usefulness
of the existing hydrometric
network for climate studies; 

Land surface
• producing a report on monitoring

Canada’s extensive wetlands,
including the production of a map
of Canadian wetlands and a data
CD. The results indicate that
Canada’s wetlands area is 16%
larger than previously estimated;

• producing a series of recommen-
dations to the national Global
Climate Observing System
terrestrial program. Many of 
the recommendations deal with
measuring the movement, or 
flux, of greenhouse gases;

Cryosphere
• identifying the specific Global

Climate Observing System
requirements for the cryosphere.


