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The Carbon Cycle

Source:  Michael Pidwirny, Dept. of Geography, Okanagan University College



Canadian Context; ImpactsCanadian Context; ImpactsCanadian Context; ImpactsCanadian Context; Impacts

•• TemperatureTemperature
•• PrecipitationPrecipitationPrecipitationPrecipitation
•• HabitatHabitat
•• Arctic IceArctic Ice•• Arctic IceArctic Ice
•• Water TemperatureWater Temperature
•• Coasts under ThreatCoasts under Threat
•• Extreme Weather EventsExtreme Weather Events



Projected Temperature Increase Projected Temperature Increase -- Winter Winter 
2090 2090 
(December, January, February)(December, January, February)

> + 16
+14 to +16
+12 to +14
+10 to +12
+8 to +10
+6 to +8+6 to +8
+4 to +6
+2 to +4
0 t +20 to +2

Source:  
Adaptation and Impacts Research (AIR) Group, 
Envionment Canada, 1999



Projected Summer Precipitation Change 
1975-1995 & 2080-21001975 1995 & 2080 2100

Combined Effects of Projected Greenhouse Gas and Sulphate Aerosol Increases

Source:  Atmospheric Environment Service, Envionment Canada



Changes in Forest and Grassland 
Climate Zone BoundariesClimate Zone Boundaries

Present 
D Tundra

Doubled
CODay Tundra

Boreal
Temperate
Grasslands
Semi-arid
Unclassified

CO2

Unclassified

• The doubled CO2 map shows vegetation that would be expected if 
climate were the only determinant of vegetation type.
H il diti d lif l li it th t f f t i ti

Maps simplified from: Rizzo and Wiken, Climatic Change 21 (1), 37-56, 1992

• However, soil conditions and life cycles limit the rate of forest migration.  
• Existing forests will be stressed before they can migrate.



Projected Changes in Arctic Sea Ice CoverProjected Changes in Arctic Sea Ice Cover

Source: G. Flato; Hengeveld 2000



Impacts on WildlifeImpacts on Wildlife

Climate Change Linked to Population Declines

Examples:Examples:
–– CaribouCaribou–– CaribouCaribou
–– Polar BearsPolar Bears

Sea birdsSea birds–– Sea birdsSea birds
–– Grey JaysGrey Jays

Wh lWh l–– WhalesWhales
–– CoralCoral

M i lM i l–– MarsupialsMarsupials



Climate Change Will Affect Climate Change Will Affect 
O Fi h i RO Fi h i ROur Fisheries ResourcesOur Fisheries Resources

Sockeye Salmon Distributiony

2xCO2

Normal



Fish Growth Rate - Temperature Sensitivity
R l i i f 4 ld d diff bRelative sizes of 4-year old cod, at different bottom temperatures.

Source: Ken Drinkwater, DFO, Bedford Institute of Oceanography, Dartmouth, Nova Scotia



Risk From Sea Level 
Rise Influenced by:y
- coastal elevation
- rock type
- wave heights- wave heights
- land rising / falling

L d i b idi iLand is subsiding in 
Maritimes and southern 
Newfoundland by about y
30 cm per century.

Atlantic Region has the

Low

Moderate
Atlantic Region has the 
greatest length of 
sensitive coast in 
C d

High

Canada.
Source:  Geological Survey of Canada Bulletin 505,  
Sensitivity of the Coasts of Canada To Sea Level Rise, 1998.



Expected Impact Upper Bay of Fundy
P b blp p

of
Storm Surge & 

Baie Verte
Northumberland

Strait

Probable
Saxby Tide Excursion
October 4 to 5, 1869

g
Sea Level Rise

Sackville

Near- total flooding

Amherst

Near total flooding
from

Amherst to Sackville

Image credit: John Shaw, Geological Survey of Canada



Quebec Ice Storm  Quebec Ice Storm  
( )( )

Vulnerability to Extreme Events
(January, 1998)(January, 1998)

Over 1,000 Over 1,000 ,,
transmission towers transmission towers 
and 30,000 wooden and 30,000 wooden 
utility poles wereutility poles wereutility poles were utility poles were 
downed.downed.

A h f hA h f hA month after the A month after the 
storm 700,000 people storm 700,000 people 
still without power.still without power.pp

Over $1 Billion in Over $1 Billion in 
Insurance ClaimsInsurance ClaimsInsurance Claims Insurance Claims 



Canadian Context; GHG SourcesCanadian Context; GHG SourcesCanadian Context; GHG SourcesCanadian Context; GHG Sources

•• Contributing Gases:Contributing Gases:
–– CO2 (~ 75%) CO2 (~ 75%) 
–– CH4 (~ 15%)CH4 (~ 15%)
–– NOx (~   8%)NOx (~   8%)
–– A # of other gases with minor but growing A # of other gases with minor but growing 

contributionscontributions
•• Sources by Human ActivitySources by Human Activity•• Sources by Human ActivitySources by Human Activity

–– Energy versus NonEnergy versus Non--energyenergy



Greenhouse Gas Sources in Greenhouse Gas Sources in 
Nova Scotia (1997)Nova Scotia (1997)Nova Scotia (1997)Nova Scotia (1997)

El t i it
Other Total:

Electricity 
Generation

38.6%

6.3% 20.0 
Megatonnes

CO2 eq

Transportation

2 q

Transportation
26.5%

Residential / 

Industry
6.5%Fossil Fuel

Commercial 
Buildings 15%
(Space Heating & 

1818

6.5%Fossil Fuel
Production

6.7%Source: Canada’s Greenhouse Gas Inventory, 1999

( p g
Hot Water)



NonNon--Energy Sources of Greenhouse Energy Sources of Greenhouse 
Gases in Canada (1996)Gases in Canada (1996)Gases in Canada (1996)Gases in Canada (1996)

Waste
3.3%

Land Use Change 
& Forestry

0.3%
I d t i l

Non Energy
~22%

Industrial 
Processes

8.7%

Solvent & Other 
Products Use

0.1%EXAMPLES:

Agriculture
9.5%

Agriculture: livestock, manure, soil
Industrial Processes: production of 
steel, aluminum, cement, chemicals
Waste: methane from landfills, 

Energy 
78.1%

,
sewage treatment
Land Use Change & Forestry:
clearing of forested land
Solvent and other products: HFCs, 

th ti ll t

Fossil Fuel 
Energy 78.1%

1919Total emissions: approximately 671 million tonnes of carbon dioxide equivalent (1996).
Source: Canada’s Greenhouse Gas Inventory, Environment Canada, 1999, p. 5 

anesthetics, propellants



Canadian Context; ReductionsCanadian Context; ReductionsCanadian Context; ReductionsCanadian Context; Reductions

•• Use Less Energy Use Less Energy 
–– Efficiency & ConservationEfficiency & Conservation

•• Fuel Switching Fuel Switching 
–– Fossil Fuels to RenewablesFossil Fuels to Renewables

•• NonNon--energy sources energy sources 
–– Methane from agriculture etcMethane from agriculture etc

•• Offsets Offsets 
–– SinksSinks



Fossil Fuel Emissions Atmospheric
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Why Else Use Less Fossil Fuels?Why Else Use Less Fossil Fuels?Why Else Use Less Fossil Fuels?Why Else Use Less Fossil Fuels?
•• Supply Not SustainableSupply Not Sustainable -- Once all fossil fuels are Once all fossil fuels are pp ypp y

burned, then nothing left for future generationsburned, then nothing left for future generations

•• Security of SupplySecurity of Supply -- 1973 Arab oil embargo1973 Arab oil embargo

•• Damage to HabitatDamage to Habitat
–– Coal: Tailings, Strip Mines, Acid Mine DrainageCoal: Tailings, Strip Mines, Acid Mine Drainage

Oil: tanker spills tank leakage pipeline corridorsOil: tanker spills tank leakage pipeline corridors–– Oil:  tanker spills, tank leakage, pipeline corridorsOil:  tanker spills, tank leakage, pipeline corridors
–– Natural Gas: sour gas wells, pipeline corridorsNatural Gas: sour gas wells, pipeline corridors

•• Reduce Consumption of Other ResourcesReduce Consumption of Other ResourcesReduce Consumption of Other ResourcesReduce Consumption of Other Resources

•• Save MoneySave Money

•• Economic Benefits from New IndustriesEconomic Benefits from New Industries

2222

•• Economic Benefits from New IndustriesEconomic Benefits from New Industries



Opportunities for Environmental Industries

Electricity
• Wind, solar
• New investments in high• New investments in high 

efficiency power plants / co-
generationg

Heating / Cooling
• Energy retrofitsgy
• Community energy systems

Transportationp
• Revitalized rail system
• Mass transit

F l ll• Fuel cells
•Industrial Energy Use 



Direct CODirect CO22 Emissions Per Unit of Emissions Per Unit of 
EnergyEnergyEnergyEnergy
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What is Needed to Replace the World’s Crude OilWhat is Needed to Replace the World’s Crude Oil
(71 million barrels/day)(71 million barrels/day)(71 million barrels/day)(71 million barrels/day)

•• BiomassBiomass 33--7 million km7 million km22 short rotation tree cropsshort rotation tree cropspp

•• MethanolMethanol 88--19 million km19 million km22 of treesof trees

Eth lEth l 5 illi k5 illi k 22 f bl l d ( )f bl l d ( )•• EthanolEthanol 5 million km5 million km22 of arable land (sugar cane) of arable land (sugar cane) 
(US cropland is about 1.56 million km(US cropland is about 1.56 million km22))

•• SolarSolar--HydrogenHydrogen 448 000 km448 000 km22 of land for photovoltaicsof land for photovoltaics•• SolarSolar--HydrogenHydrogen 448,000 km448,000 km22 of land for photovoltaics of land for photovoltaics 
(Tucson, Ariz.)(Tucson, Ariz.)

•• WindWind 1 3 million km1 3 million km2 2 of land 403 millionof land 403 millionWindWind 1.3 million km1.3 million km of land, 403 million of land, 403 million 
turbines turbines ((500 kW capacity ea., 3 per ha.)500 kW capacity ea., 3 per ha.)

•• HydroHydro--electricityelectricity 3.1 million km3.1 million km2 2 of landof land

SourceSource:  1998: Lightfoot, H.Douglas and Chris Green: New Sources of Energy are Needed To Halt :  1998: Lightfoot, H.Douglas and Chris Green: New Sources of Energy are Needed To Halt 
Global Warming in Policy Options (May) p. 17Global Warming in Policy Options (May) p. 17



GHG Reduction StrategiesGHG Reduction StrategiesGHG Reduction StrategiesGHG Reduction Strategies

•• 1. Use Less Energy1. Use Less Energy (~ 60 (~ 60 -- 70%)70%)
•• 2 Renewables (~ 202 Renewables (~ 20 -- 40%)40%)•• 2. Renewables (~ 20 2. Renewables (~ 20 40%)40%)
•• 3.3.Cleaner Fossil Fuels (Transition)Cleaner Fossil Fuels (Transition)

44 Effi i t F il F l (T iti )Effi i t F il F l (T iti )•• 4.4.Efficient Fossil Fuels (Transition)Efficient Fossil Fuels (Transition)
•• 5.5.NonNon--Energy GHG (Small)Energy GHG (Small)
•• 6.6.Sinks (Temporary)Sinks (Temporary)



Canadian Context; Fed/ProvincialCanadian Context; Fed/ProvincialCanadian Context; Fed/Provincial Canadian Context; Fed/Provincial 

•• Very Different Costs and BenefitsVery Different Costs and Benefits

•• National Energy PolicyNational Energy Policy

•• PrePre--Kyoto Fed/Prov NegotiationsKyoto Fed/Prov Negotiations

•• Fed/Prov Since 1997Fed/Prov Since 1997//



Canadian Greenhouse Gas Emissions (1996)Canadian Greenhouse Gas Emissions (1996)
Tonnes of COTonnes of CO22 Equivalent per CapitaEquivalent per CapitaTonnes of COTonnes of CO22 Equivalent per CapitaEquivalent per Capita
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Calculated from:  Statistics Canada. 1996 population (available at www.statcan.ca)
•F. Neitzert, K. Olsen, and P. Collas. Canada’s Greenhouse Gas Inventory: 1997 Emissions and 
Removals with Trends. 1999. Environment Canada (available at http://www.ec.gc.ca/pdb/ghg)



Canadian Context; Fed/ProvincialCanadian Context; Fed/ProvincialCanadian Context; Fed/Provincial Canadian Context; Fed/Provincial 

•• Very Different Costs and BenefitsVery Different Costs and Benefits
–– Net Energy Producer or ConsumerNet Energy Producer or Consumergygy
–– Source of ElectricitySource of Electricity
–– Change since 1990Change since 1990gg
–– Plans for Future Economic DevelopmentPlans for Future Economic Development

•• National Energy PolicyNational Energy Policy•• National Energy PolicyNational Energy Policy
•• PrePre--Kyoto Fed/Prov NegotiationsKyoto Fed/Prov Negotiations

F d/P Si 1997F d/P Si 1997•• Fed/Prov Since 1997Fed/Prov Since 1997



Canada & International IssuesCanada & International IssuesCanada & International IssuesCanada & International Issues

•• GeneralGeneral
•• SinksSinksSinksSinks
•• MechanismsMechanisms
•• ComplianceCompliance•• ComplianceCompliance
•• Long Term Issues, Beyond 2012Long Term Issues, Beyond 2012



Kyoto Protocol 

Party Per cent reduction

y
Emission Reduction Obligations

Party                           Per cent reduction
from 1990 levels

European Union - 8
Switzerland - 8
United States - 7
C d 6Canada - 6
Japan - 6
Russian and FSU countries 0Russian and FSU countries 0
Australia + 8

O erall red ction for all Parties combined is 5 2%Overall reduction for all Parties combined is 5.2%



Atmospheric COAtmospheric CO22 Levels Depend on What We Levels Depend on What We 
DoDo • Kyoto is an important first step in reducing risk

• Further reductions will be needed

DoDo

1000

um
e

Projected CO2 Concentrations to 2100

700

800
900

tr
at

io
ns

n 
by

 v
ol

u High Estimate
Intermediate Estimate
(Best Estimate of 
Business as Usual)

500

600

700

2 c
on

ce
n

er
 m

ill
io

n Business as Usual)

300

400
500

C
O

2
pa

rt
s 

pe

Low Estimate

1975 2000 2025 2050 2075 2100

YearSource:  1996:  Houghton, J.T et. al: Climate change 1995,
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Human Impacts on the Carbon CycleHuman Impacts on the Carbon Cycle
(Gt = Gigatonnes of Carbon)(Gt = Gigatonnes of Carbon)

Atmosphere
750 Gt in 1990 (Preindustrial = 580 Gt) 

Carbon Accumulation = 3.3 Gt/year

Combustion
6.3 Gt/year

Ocean Uptake
2.3 Gt/year

Land Uptake
2.3 Gt/yearDeforestation

1.6 Gt/year

Fossil Fuels
5,000-10,000 Gt

Land Biomass
2 000 Gt

Oceans
40 000 Gt, , 2,000 Gt40,000 Gt

Sources: 1. IPCC. Land Use, Land-Use Change, and Forestry, Summary for Policymakers. 2000.
2. J. Houghton, Global Warming: The Complete Briefing. 1997.



Carbon SinksCarbon Sinks

Land: • Forestry
A i lt• Agriculture

Ocean: • SurfaceOcean: • Surface
• Deep Ocean

Underground: • Geological

These methods do not:
• conserve fossil fuels
• address air quality issues• address air quality issues



Greenhouse Gas Emissions in Selected Countries
Tonnes of CO2 Equivalent Per Person - 1994
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Sources:   
Emissions Data - UNFCCC Greenhouse Gas Inventory Database, Populations - U.S. Bureau of the Census
* China - 1990 data, World Resources Institute



Implementing Kyoto In CanadaImplementing Kyoto In CanadaImplementing Kyoto In CanadaImplementing Kyoto In Canada

•• The Federal Implementation PlanThe Federal Implementation Plan
–– The Context!The Context!

•• Kyoto or long term? (Kyoto or long term? (--6 or6 or –– 80%)80%)•• Kyoto or long term?  (Kyoto or long term?  (--6 or 6 or –– 80%)80%)
•• Domestic or Kyoto Mechanisms?Domestic or Kyoto Mechanisms?
•• Users or Taxpayers?Users or Taxpayers?
•• Sinks permanence and competing land useSinks permanence and competing land use•• Sinks, permanence and competing land useSinks, permanence and competing land use

–– Electricity SectorElectricity Sector
–– Energy ExportsEnergy Exports
–– Large Industrial EmittersLarge Industrial Emitters
–– TransportationTransportation

BuildingsBuildings–– BuildingsBuildings
–– The CitizenThe Citizen



Canada’s Emission

800
800

Canada s Emission
Reduction Obligation

800
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750

700GHG 703
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650
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3737
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Overview of expected federal policy proposal to meet
requirements of the Kyoto Protocolq y

~ 240 MT/yr.
Required reduction in BAU emissions to meet 
Kyoto Protocol target emission levels in 2010.

L 70 MT/ i dit Cl E E t

Emission Reduction
Obligations for 
Canada Less 70 MT/yr. in credits Clean Energy Exports 

emissions under negotiation. (Redistributed as a 
result of failed negotiations)

Less 30 MT/yr in expected BAU forest

Canada
~ 170 MT/yr.

d Less 30 MT/yr. in expected BAU forest 
and agriculture credits recognized in 2001 
international agreements.

~ 140 MT/yr.AP2000/Budget2001
~ 50 MT/yr

Domestic Emission Trading-
Large Industrial Emitters

~ 55 MT/yr.

Government Purchase of 
International Permits 

~ 15 MT/yr. 

New Targeted policy measures -
regulation, subsidies etc. 

~ 20 MT/yr.

Buy forest and agriculture sinks 
and land-fill gas capture credits

from federal government (Off-sets)

Buy International 
Emission Permits Undertake actions to reduce 

company emissions.



ConclusionConclusionConclusionConclusion

•• Future ProspectsFuture Prospects
•• Canada’s Role InternationallyCanada’s Role InternationallyCanada s Role InternationallyCanada s Role Internationally
•• Canada’s Challenges DomesticallyCanada’s Challenges Domestically



Greenhouse Gas Emissions in Selected Countries
Tonnes of CO2 Equivalent Per Person - 1994
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Emissions Data - UNFCCC Greenhouse Gas Inventory Database, Populations - U.S. Bureau of the Census
* China - 1990 data, World Resources Institute



World Population GrowthWorld Population Growth
0 AD t 2050 AD0 AD t 2050 AD0 AD to 2050 AD0 AD to 2050 AD
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