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Source: Canadian Geographic Magazine 



-Average Global Temperature warmed 0.6°C over 

the course of the 20th century; 0.8°C to 1.0 °C since 

1850. 

- Much of that warming took place during the first 

half of the 20th Century and from the 

mid.-1970s to 1997.

-But has it risen since 1997???

According to the U.K. Met Office, 

there has been no statistically 

significant further global warming 

since then.
Source: http://opinion.financialpost.com/2012/11/29/open-climate-letter-to-un-secretary-general-current-scientific-

knowledge-does-not-substantiate-ban-ki-moon-assertions-on-weather-and-climate-say-125-scientists/





Evidence of Global Warming
-ice caps on mts. in the tropics and subtropics melting 

rapidly i.e. 30 m per year in some areas

- in the northern hemisphere, spring arrives approx. 8 

days earlier than in the 1960s

- retreating permafrost in Alaska and Northern Canada; 

thinning ice pack on the Arctic Ocean

Note: The average 

temp. in the Canadian 

North has risen 2.3 °C 

since 1948.



Why Does Climate Change Happen?

There are several different causes:



a) natural variation in the climate due to factors such as:
- changes in the earth’s orbit around the sun or tilt on its axis 

(see handout from Gr. 11 re: Milankovitch Cycles and Glaciation)

- changes in energy output from the sun (i.e. sunspot cycles)

- volcanic eruptions (eg Mt. Tambora produced the “year without a 

summer” in 1816) 



- Variation in solar activity also impacts cosmic rays (i.e. 
atom fragments from outside the solar system and from 
other galaxies) which provide condensation nuclei for clouds 
to form. 
- More Cosmic Rays = More clouds (especially lower level 
clouds) = Net Global Cooling 
- More Solar Radiation Deflects Cosmic Rays away from 
earth = Fewer Clouds = Net Global Warming



b)  urban heat island effect

- cities are usually warmer than the 

surrounding areas because of the heat 

generated within them

- cities have grown considerably in the last 

100 yrs. therefore producing more heat

- many of our weather recording stations are 

near cities, therefore affecting temp. data



c)  Periodic Changes in Ocean Temperatures

Affects Atmospheric Temperatures

eg El Niño (short term warming effect), La Niña (short term cooling effect), + 

Pacific Decadal Oscillation – northern Pacific (below) 

Source: Pacific Decadal Oscillation (PDO) | National Centers for Environmental Information (NCEI) (noaa.gov)

https://www.ncdc.noaa.gov/teleconnections/pdo/


Source: http://www.cpc.ncep.noaa.gov/products/analysis_monitoring/lanina/enso_evolution-status-fcsts-web.pdf

El Nino

“The blob”

http://www.cpc.ncep.noaa.gov/products/analysis_monitoring/lanina/enso_evolution-status-fcsts-web.pdf


Source: https://www.ospo.noaa.gov/Products/ocean/sst/anomaly/

La NIÑA

PDO

https://www.ospo.noaa.gov/Products/ocean/sst/anomaly/


d) (enhanced)



Human activities are putting more 

greenhouse gases into the atmosphere and in 

theory, this should result in more heat being 

trapped in the atmosphere.  Scientists call 

this the enhanced greenhouse effect.

The natural greenhouse effect has kept the 

earth’s average global temperature at ~15ºC.  

Without it , the average global temperature 

would be -18ºC. Brrrr!



Greenhouse Gases

- water vapour: greatest contributor to the 

natural greenhouse effect (responsible for 

36% to 66% of the absorption of infrared / 

longwave radiation); along with clouds

(66% to 85% ).



carbon dioxide (CO2):  comes from sources such as

burning fossil fuels (i.e. coal, oil, natural gas) + natural sources 

(eg plant and soil respiration & release from the oceans); these 

natural sources also absorb CO2 out of the atmosphere

- most abundant human-generated greenhouse gas 

(9% to 26% of the greenhouse effect)
2021:

419 ppm



Source: https://socratic.org/questions/what-are-some-examples-of-carbon-sources-and-carbon-sinks

https://socratic.org/questions/what-are-some-examples-of-carbon-sources-and-carbon-sinks


Source: https://socratic.org/questions/what-are-some-examples-of-carbon-sources-and-carbon-sinks

https://socratic.org/questions/what-are-some-examples-of-carbon-sources-and-carbon-sinks






Source: http://edgar.jrc.ec.europa.eu/overview.php?v=CO2ts1990-2014&sort=des9

2014 - CO2 Emissions by country 



Source: https://wri.org/blog/2014/11/6-graphs-explain-world%E2%80%99s-top-10-emitters



Source: https://wri.org/blog/2014/11/6-graphs-explain-world%E2%80%99s-top-10-emitters



Source: https://wri.org/blog/2014/11/6-graphs-explain-world%E2%80%99s-top-10-emitters



Source: http://www.eia.gov/todayinenergy/images/2016.05.16/main.png

Note: “The Organization for Economic Cooperation and Development (OECD) is 

a unique forum where the governments of 34 democracies with market 

economies work with each other, as well as with more than 70 non-member 

economies to promote economic growth, prosperity, and sustainable development.”

Source: https://usoecd.usmission.gov/mission/overview.html



eg methane (CH4):  from cows expelling gas, 

rotting garbage, action of termites 

Other Greenhouse Gases
Responsible for ~7 to 8% of the greenhouse 

effect



nitrous oxides (NOx): from burning fossil 

fuels, fertilizers, action of termites



Chlorofluorocarbons (CFCs):  refrigerants,

foams, aerosols



Low Level Ozone (O3):  action of sunlight 

on car exhaust



Should Global Warming Be A Concern?



- small change in the avg. global temp. 

produces dramatic effects

eg < 1 degree rise produced the 

Medieval Warm Period (1000-1400 AD)

when vineyards thrived in England

< 1 degree drop produced the Little Ice 

Age (1600-1700 AD)

- approx. 5 degree drop led to last ice age



Positives:

eg - northern expansion of agriculture

- reduction in winter heating costs

- year-round shipping in northern waters

Negatives:

eg - sea level rise

- increased pests and forest fires

- increased prairie drought

Generally, many scientists feel that the 

negatives outweigh the positives. 



What has been done?



Dec. 1997 - Kyoto Accord

- High Income Countries (HICs) / More 

Economically Developed Countries (MEDCs)

agreed to cut greenhouse gas emissions by 

an average of 5.2% relative to 1990 levels by 

2008 to 2012 

- different targets for different countries

eg Canada: 6%  USA: 7%  Europe:  8%

- no targets for developing countries 

(i.e. NICs and LEDCs)

eg China & India



March 2001:  USA announced that it would

not follow the Kyoto agreement due to a 

slowing economy and a desire to find and 

use more fossil fuels due to the “energy 

crunch” (i.e. in California). Made in USA 

plan instead.

Jan. 2003:  101 countries had ratified the

Kyoto Protocol accounting for 43.9% of 

1990 emissions.  The Protocol would 

officially come into force when enough 

countries had ratified to account for 55% 

of CO2 emissions relative to 1990.



Fall 2004:  Russia announced that it 

would ratify the agreement; hence Kyoto 

came into full force in Feb. 2005.

For Canada:
By 2010 without Kyoto, projected to 

reach annual production of 810 Mt CO2.

By 2010 if meet Kyoto at 6% reduction 

relative to 1990, 571 Mt CO2.

Therefore, to reach the Kyoto target must 

reduce CO2 production by 241 Mt = an

actual 30% reduction.



What were the penalties if a country did not meet 

its Kyoto commitment by 2012?

- 30% penalty on the amount missed + the

amount missed + any new reduction targets

negotiated in a future Accord

- For example, if miss target by 50 Mt, 

then 10% penalty (5 Mt) + (50 Mt) = 

55 Mt + any new reduction target

*However, no meaningful enforcement

sanctions if a country simply chose to

withdraw from the Acord*



Key Questions Remained:

Would Canadians and fossil fuel producing provinces be 

willing to cut greenhouse gas emissions?

What would be the economic impact of implementing 

Kyoto? How much would the cost-of-living rise?

With only HICs / MEDCs having reduction targets under 

Kyoto, would that result in a net global reduction in 

GHGs?

If not, do the HICs / MEDCs , which have profited from 

the use of fossil fuels, have the right to tell the developing 

world to restrict its use of these energy sources?





Possible Solutions to the Last Question:

- transfer cleaner energy technology to 

developing nations in exchange for carbon 

credits (eg hydroelectric power?, 

Ballard fuel cell? nuclear power?)

- help pay off developing nations’ debts

in exchange for preservation of tropical 

rain forest - a carbon sink  



➢May 2006:  PM Harper indicated that 

Canada would not be able to meet its Kyoto 

targets committed to by PM Chretien (i.e. the 

country’s emissions were ~27% above 1990 

levels) and would begin to pursue a “Made in 

Canada” strategy to deal with climate change

(2010) Canada ~20% above 1990; decline due 

in large part to “The Great Recession” of late 

2008-2009 - less factories operating, people 

driving and flying less with less disposable 

income. 



➢2007 – The BC government announced 

its own Climate Change Action Plan; BC 

began working with California 

I will terminate 

global warming



- As part of its plan, BC introduced a carbon tax 

on July 1, 2008, growing each year up to $30 per 

tonne by 2012; this added 7.2 cents to the cost of a 

litre of gasoline by 2012. The tax had not been 

increased until the new NDP gov. raised it to $35 

per tonne in Apr. 2018.
- When introduced,

The BC Liberals said the 

carbon tax was meant

to be “revenue neutral”

meaning the money 

generated by the tax

would be used for

tax breaks elsewhere. 



Dec. 2007 – Nations met in Bali, Indonesia to 

negotiate “Kyoto II” but delayed firm 

reduction commitments; one of the key 

sticking points was the issue of whether or 

not NICs and LEDCs should have binding 

reduction targets or should only MEDCs 

have them; “a roadmap” to further 

negotiations was established to come up with

an agreement by the end of 2009 in 

Copenhagen, Denmark



Dec. 2009 - Copenhagen Accord

-Goal: to limit global warming to no more 

than 2°C above pre-industrial world avg.

(Recall: planet has warmed 0.8°C to 1.0 °C 

since 1850)

- no new binding emissions reduction targets  

for any country 

- $100 billion / year climate aid fund for the 

developing world to adapt to climate change; 

to reach the $100 billion / year  target by 

2020



Source: http://euanmearns.com/global-energy-trends-bp-statistical-review-2014/

http://euanmearns.com/global-energy-trends-bp-statistical-review-2014/


Source:  http://euanmearns.com/global-energy-trends-bp-statistical-review-2014/

http://euanmearns.com/global-energy-trends-bp-statistical-review-2014/


Source: https://ourworldindata.org/energy-mix

Global Energy Supply By Source (2019)

https://ourworldindata.org/energy-mix


Dec. 2010 – Cancun Accord

- declared a “global goal for substantially 

reducing global emissions by 2050”; but no 

consensus on new binding emissions 

reduction targets for any country  

Dec. 2011 – Durban Accord

- all of the world’s countries agreed to 

generate a legally-binding treaty with new 

reduction targets to succeed Kyoto by 2015 

to come into effect by 2020

- but who will be required to cut and by how 

much??? Source: http://www.usatoday.com/news/world/story/2011-12-12/canada-climate-
change/51842930/1

http://www.usatoday.com/news/world/story/2011-12-12/canada-climate-change/51842930/1


Dec. 2011: Canada officially pulled out of the 

Kyoto Accord to avoid penalties [estimated 

at a cost of $14 billion to make up for (eg

buying carbon credits) exceeding its target]; 

criticized by environmental groups for 

pulling out

Source: http://www.usatoday.com/news/world/story/
2011-12-12/canada-climate-change/51842930/1

http://www.usatoday.com/news/world/story/2011-12-12/canada-climate-change/51842930/1
http://www.usatoday.com/news/world/story/2011-12-12/canada-climate-change/51842930/1


Note: Even though Canada did not meet its 

Kyoto target, collectively the HICs/MEDCs  

did with an ~5.2% reduction relative to 

1990. 

Source: http://www.usatoday.com/news/world/story/2011-12-12/canada-climate-change/51842930/1

However, global emissions went up 45% 

since 1990 largely due to NICs which did 

not have reduction targets under Kyoto.

eg India up 180%, China up 257%

http://www.usatoday.com/news/world/story/2011-12-12/canada-climate-change/51842930/1


“China's coal use continues to hit record highs. 

It built more new coal power plants in 2021 

than the rest of the world combined.”
Source: https://twitter.com/BrianGitt/status/1610774457747922945?cxt=HHwWgoCz9bi1z9osAAAA



The agreed document called for:

- An "ambitious agreement" in 2015 that reflects "differentiated 

responsibilities and respective capabilities" of each nation

- Developed countries to provide financial support to "vulnerable" 

developing nations

- National pledges to be submitted by the first quarter of 2015 by 

those states "ready to do so"

- Countries to set targets that go beyond their "current 

undertaking"

- The UN climate change body to report back on the national 

pledges in November 2015

Dec. 2014 - Lima Accord (still no new fixed 

reduction targets but…..)

Next Conference: Dec. 2015 - Paris



May 2015: The Harper government set a 

carbon emissions reduction target of 30% 

below 2005 levels by 2030.
Source:  http://www.cbc.ca/m/touch/canada/calgary/story/1.3075759

Note: In 2015, Canada was 18% above 1990 

levels. 
Source: http://www.cbc.ca/news/canada/how-canada-s-provinces-are-tackling-greenhouse-gas-emissions-

1.3030535

October 2015: – Justin Trudeau and the Liberal 

party won the federal election and promised 

more aggressive action to cut carbon emissions in 

negotiation with the provinces in 2016.

http://www.cbc.ca/m/touch/canada/calgary/story/1.3075759
http://www.cbc.ca/news/canada/how-canada-s-provinces-are-tackling-greenhouse-gas-emissions-1.3030535


Dec. 2015 - Paris Climate Accord
- Countries agreed to try to keep the rise in global 

temperatures to below 2°C above pre-industrial world 

avg.; preferably no more than 1.5°C (Recall: planet has 

warmed 0.8°C to 1.0 °C since 1850)

- Countries are legally required to monitor and report

their carbon emissions but are not legally required to make 

reductions; nations though can include their own 

reduction plans as part of their Paris commitment

- HICs recommitted to the $100-billion a year between 

2020 and 2025 to help emerging economies deal with the 

effects of climate change. Note: PM Trudeau pledged 

Canada to give $2.65 billion over five years



Sept. 2016: The Trudeau government adopted the Harper 

government’s reduction target of 30% below 2005 levels by 2030. 
Source: http://www.torontosun.com/2016/09/18/trudeau-adopts-harpers-climate-targets

October 2016: The Trudeau government announced plans 

to impose on provinces a national carbon price of $10 per 

tonne by 2018 rising by $10 per tonne a year until it hits 

$50 per tonne in 2022. Provinces may keep the revenues.
Source: http://www.cbc.ca/news/politics/canada-trudeau-climate-change-1.3788825

Recall: BC had a carbon tax of $35 per tonne. Alberta 

introduced a carbon tax of $20 / tonne on Jan. 1, 2017

rising to $30 / tonne in 2018.
Source: https://www.alberta.ca/climate-carbon-pricing.aspx 

Ontario and Quebec in conjunction with California had 

cap-and-trade systems (Note: As of Fall 2018, Ontario was 

no longer part of this.) Saskatchewan opposed carbon 

pricing arguing instead for the use of carbon capture and 

storage technology.

http://www.torontosun.com/2016/09/18/trudeau-adopts-harpers-climate-targets


Some Key Questions:
- How will imposing carbon pricing across the country 

affect the economy?

- Will Canadians be willing or able to pay more to heat 

their homes, and/or get electricity, and/or fill their gas 

tanks? eg the Ontario government shut down their coal 

fired thermal plants and negotiated very expensive green 

energy contracts (i.e. solar and wind)

which contributed to huge 

increases in electricity bills 

particularly in rural areas.
Video: Jan. 2017 Trudeau Townhall 

- Will businesses pass the cost 

onto consumers or relocate 

elsewhere?

- Does carbon pricing actually reduce carbon emissions?

https://www.youtube.com/watch?v=MhC-T0vgFjA


June 2018: The governing Liberals in Ontario who introduced a 

cap-and-trade system, shut down coal fired thermal plants, 

promoted wind and solar power, gave rebates to people buying 

electric cars, and supported PM Trudeau’s national carbon pricing 

were decimated in the provincial election losing official party status.  

Part of the reason they lost was dramatically increased electricity 

bills and skyrocketing provincial debt. 

The new Premier, Doug Ford (Progressive 

Conservatives) eliminated the cap-and-trade 

system, removed rebates for electric cars, and 

said the gov. would be cancelling 758 

renewable energy contracts to save the 

government $790 million (Sept. 2018).

[Note: June 2022: PCs won a bigger majority 

government in Ontario and the Liberals 

continued to not have official party status.]

https://www.ctvnews.ca/canada/the-ontario-liberals-have-lost-official-party-status-but-what-does-that-mean-1.3966028
https://business.financialpost.com/news/economy/with-twice-the-debt-of-california-ontario-is-now-the-worlds-most-indebted-sub-sovereign-borrower
https://www.ctvnews.ca/canada/ontario-government-moves-to-scrap-green-energy-act-1.4102549
https://www.cbc.ca/news/canada/toronto/ontario-election-2022-party-results-1.6473769


Nov. 2018: Ontario and Saskatchewan challenged the 

federal gov. in court over the imposition of carbon pricing 

on the provinces arguing that it is unconstitutional. The 

NDP gov. in BC sided with the federal government. 

https://globalnews.ca/news/4703185/bc-saskatchewan-ontario-carbon-pricing/


Dec. 2018: The NDP gov. in BC introduced its Climate 

Action Plan including:
- all new buildings to be net-zero energy by 2032

- all new cars sold to be zero-emission by 2040

- redirects revenue from the carbon tax into incentives for the 

province's biggest industries to move to cleaner operations

- cut greenhouse gas emissions in BC by 40 per cent below 2007 

levels by 2030, 60 per cent by 2040 and 80 per cent by 2050.  
Source: https://www.cbc.ca/news/canada/british-columbia/bc-clean-climate-plan-2018-1.4933083

https://www.cbc.ca/news/canada/british-columbia/bc-clean-climate-plan-2018-1.4933083


May  2019: The new Alberta government under Premier 

Jason Kenney (United Conservative Party) repealed the 

previous NDP government’s carbon tax.



Note: Australia repealed its carbon tax in 2014 after being 

in effect for two years.
Source: http://www.cbc.ca/news/world/australia-s-carbon-tax-repealed-after-2-years-1.2709642 

Washington State rejected introducing a carbon tax in a 

state referendum in Nov. 2016 and again in Nov. 2018. 
Source: https://www.theatlantic.com/science/archive/2018/11/washington-state-votes-down-i-1631-major-climate-bill/575131/

June 2017: President Trump pulled the United States out 

of the Paris Climate Accord citing the negative impact on 

the US economy? Video

https://www.theatlantic.com/science/archive/2018/11/washington-state-votes-down-i-1631-major-climate-bill/575131/
https://www.youtube.com/watch?v=djATp3AoUxI


Dec. 2018: The “Yellow Vest” movement in France over 

increased fuel taxes (i.e. designed as a carbon tax) and 

the associated increased cost of living. President Macron 

backed off on the fuel tax increases as a result of the 

protests.



Sept. 2019: Canada was on track to being 19% 

below 2005 emission levels by 2030; 

short of goal by 11%.
Source: https://www.cbc.ca/news/politics/trudeau-climate-change-2030-fact-check-1.5295961

June 2019: The Trudeau government passed a 

motion in the House of Commons declaring that 

Canada is in a “climate emergency”.
Source: https://globalnews.ca/news/5401586/canada-national-climate-emergency/

https://www.cbc.ca/news/politics/trudeau-climate-change-2030-fact-check-1.5295961
https://globalnews.ca/news/5401586/canada-national-climate-emergency/


Jan. 1, 2020: The Trudeau gov.’s national carbon pricing came into 

effect; Alberta, Saskatchewan, Manitoba, and Ontario fought this in 

court. Quebec also challenged even though it strongly supports GHG 

reduction efforts, but it does not want Ottawa dictating how this will 

be accomplished. The issue ended up in the Supreme Court.

March 2021 – The Supreme Court upheld the Trudeau 

national carbon pricing.

Sept. 2019 - UN Climate Action Summit in New York
- countries were urged to commit to reducing global 
greenhouse gas emissions by 45 per cent by 2030, and to 
net zero emissions by 2050.
Source: https://www.un.org/en/climatechange/un-climate-summit-2019.shtml

Jan. 20, 2021: The Biden regime put the USA back into 

the Paris Climate Accord via executive order.
Source: https://www.whitehouse.gov/briefing-room/statements-releases/2021/01/20/paris-climate-agreement/



Aug. 2021

Source: Federal environment minister calls on Sask. to take climate change seriously | CBC News

https://www.cbc.ca/news/canada/saskatchewan/fed-environment-minister-sask-climate-change-1.6131006


Mar. 2022: PM Trudeau set a new target of 40-45% 

below 2005 levels by 2030 focussing on “deep cuts in 

the electricity, oil and gas and transportation sectors” 

(see Article).

https://www.cbc.ca/news/politics/canada-2030-emissions-reduction-plan-1.6401228


Source: https://i.ytimg.com/vi/iUIMHN6TfWo/maxresdefault.jpg

- At 0.04% of the atmosphere, should CO2 even be 

considered a main driver behind climate change?

- Has CO2 been a main driver behind climate change in 

the past? 

- Should CO2 be deemed a pollutant or plant food? 



[MIT Atmospheric Physicist]

Source: Tom Nelson on Twitter: "MIT climatologist Richard Lindzen: The current climate change scare "will be remembered as the greatest mass delusion I

n the history of the world - that CO2, the life of plants, was considered for a time to be a deadly poison" #ClimateBrawl https://t.co/HEhv64tpuy" / Twitter

Is he 

going to 

be proven  

correct?

https://twitter.com/tan123/status/1145181932315131904
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