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1. The science of 
climate change



The absolute basics
When it comes to energy, the Earth system is like a 
bank account. If more energy comes in than leaves, 
the whole planet heats up

Greenhouse gases like carbon dioxide don’t stop 
energy from the sun from entering the planet system, 
but they do prevent it from leaving

This causes warming and other effects, like making 
the oceans more acidic



Global energy 
balance

The whole system is complicated, but the effect of greenhouse gases is 
simple: they keep energy trapped



CO2 is rising 
relentlessly

Because of the kind of carbon in the new CO2, we know it comes from 
fossil fuels



Human actions now dominate the 
climate system

People have pushed the climate system way beyond where it has 
been naturally, during the last 800,000 years



Models without human inputs 
included cannot explain what is 

happening

Scientists have considered factors like solar activity, volcanoes, etc.



There is evidence throughout the 
natural world

• Vanishing Arctic sea ice
• Disappearing glaciers
• Melting permafrost
• Species moving north and uphill
• Invasive species (pine beetles)
• Changed flower blooming times
• Increasing acidic ocean water
• Sea level rise
• More carbon from fossil fuels in 

the air (shown by isotope ratios)

There are multiple lines of evidence that support each other



Some misconceptions
There is a widespread idea that the science of 
climate change is deeply uncertain

While there is still plenty to learn about the 
climate system, we do have a very strong 
understanding of the key facts

We know that climate change is happening, 
human beings are causing it, and that it will be 
dangerous if it isn’t stopped



2009 statement from 
G8 science academies

“The need for urgent action to address climate change is 
now indisputable. For example, limiting global 
warming to 2°C would require a very rapid worldwide 
implementation of all currently available low carbon 
technologies. The G8+5 should lead the transition to an 
energy efficient and low carbon world economy, and 
foster innovation and research and development for 
both mitigation and adaptation technologies.”

The science academies of Brazil, India, South Africa, Canada, Italy, the United Kingdom, 
China, Japan, the United States, France, Mexico, Germany, and Russia agree.



Military assessments
JASON Defence Advisory Group (1979)

2003 Pentagon study: An Abrupt Climate Change Scenario and 
Its Implications for United States National Security: Imagining 
the Unthinkable

Center for Naval Analysis (2007): National Security and the 
Threat of Climate Change

National Intelligence Assessment (2008)

Independent assessments from competent organizations confirm the 
key scientific conclusions



Why are politicians 
so confused?

First, they are not scientists and not necessarily 
very good at evaluating scientific information

Many of them think like lawyers, and assume 
that there is a case to be made on both sides

In reality, the climate system doesn’t care about our 
politics or ideologies. It just responds to how we alter the 
atmosphere



Second, politicians are being actively misled by 
organizations that are deeply opposed to the 
regulation of greenhouse gas pollution

In particular, oil companies and operators of coal-fired power 
plants have spent millions of dollars trying to confuse politicians 
and the general public

Much of this was done by the same public relations people who 
once defended cigarettes (See: Oreskes)



2.Why how much we 
burn matters



The basic problem
Burning coal, oil, or gas inevitably produces 
greenhouse gas pollution

That pollution inevitably causes the planet to warm



CO2 sticks around for 
a long time

It’s like a debt that we can add to quickly, but can only draw 
down very slowly



The finger on the 
thermostat

The amount of warming that takes place depends on 
what portion of all the fossil fuels we burn

The total quantity of coal, oil, and gas are like three 
huge gas tanks that can drive the climate into a 
different state

Burn a little , warm a little - burn a lot, warm a lot

Most of what remains to burn is coal, along with 
unconventional oil and gas



The most important 
chart

The black bars show what we have burned. The others show what is 
still out there to burn



We know how sensitive 
the climate is

Every time we double the amount of CO2 in 
the atmosphere, we warm the planet by about 
3˚C

This number doesn’t come from climate models (though they do 
improve our confidence about it)

It comes from ice core samples and other forms of physical 
evidence about how the climate was in the past

Identified in 1979, with latest estimate still in agreement



The really scary part

Within the climate system, there are positive feedback effects

These are akin to what happens if you put a microphone too 
close to a speaker it is attached to

Warming could trigger changes than in turn cause more 
warming - for instance, by replacing light ice with dark 
water and melting methane-laden permafrost

The result of all of this could be violent, dramatic change - a 
transformed world



Worst-case scenario: Runway 
climate change

If we burn too many fossil fuels, we could kick off all the 
positive feedbacks: melting permafrost, methane clathrates, 
burning rainforests, etc

Releasing greenhouse gas pollution could cause changes in 
the natural world that then produce even more pollution 
and warming - humanity would lose control

This could radically alter the climate very rapidly, triggering 
an extinction event of geological proportions - something it 
would be challenging for humanity to survive



Even the business-as-usual 
scenario is dire

The projected outcomes of continuing to do 
what we are doing now are deeply worrisome

If we continue on our present course, we will probably warm the 
planet more than 5˚C by 2100 - far beyond the 2˚C threshold 
accepted as dangerous

This would push the climate into a state quite different from 
anything human beings have experienced

Human civilization has emerged during a 
period of unusual climate stability -now, we 
are giving the climate system a violent shove



Radical swings in the climate 
have happened before

Permian-Triassic Extinction Event

Worst extinction event in the Earth’s history

Paleocene-Eocene Thermal Maximum

Runaway climate change on Venus

Scientists think it once had liquid water, now it is 467˚C on the 
surface



“How serious is the threat to the environment? 
Here is one measure of the problem: all we 
have to do to destroy the planet’s climate and 
biota and leave a ruined world for our children 
and grandchildren is to keep doing exactly 
what we are doing today, with no growth in 
the human population or the world economy.” 
-James Gustave Speth



What all this means
Just reducing emissions isn’t enough

We need a global plan to keep most of 
the remaining fossil fuels in the 
ground

Otherwise, we will dangerously and 
perhaps catastrophically alter the 
climate



3. Economic 
assessments



“If you ask a scientist how much more CO2 do 
you think we should add to the atmosphere, 
the answer is going to be none. All the rest is 
economics.” -Gavin Schmidt



The Stern Review

Undertaken in the United Kingdom

The most significant assessment of the cost of 
dealing with climate change, compared with the cost 
of ignoring it



The Stern Review (2)

Concluded that climate change could be addressed 
using 1% of global GDP but could cost 20% of 
global GDP if nothing is done

Also highlighted the importance of starting action 
early and using efficient policies, like an economy-
wide carbon price

Sir Nicholas Stern says the case for action is now 
even clearer than when the report came out in 2006



Turning it around

Imagine we already had a global economy 
based on renewables

It would not affect the climate

And it could keep going forever

Would we go back to dirty, non-renewable 
fuels in exchange for 2% more GDP?



The Garnaut Review

Australian equivalent to the Stern Review

Recommended the stabilization of global 
greenhouse gas concentrations, with Australia 
contributing through the use of a cap-and-
trade scheme

Concluded that the overall cost of this 
approach would be just 0.1 - 0.2% of GDP



Canadian 
assessments

There hasn’t been anything as comprehensive as the Stern or 
Garnaut Review yet. But the National Round Table on 
Energy and the Environment (NRTEE) has highlighted many 
of the same issues:

“Canada needs a strong, effective and efficient market-based 
policy that puts a price on carbon emissions – such as an 
emissions tax, a cap-and-trade system, or a combination of 
the two – to achieve a successful transition to a low-emission 
economy. Delaying action comes with unnecessarily high 
economic costs and environmental risk.”



Solutions do exist

The planet takes in a gigantic amount of solar 
energy

In addition, there are hydroelectricity, wind, 
geothermal, tidal, biomass, and other energy 
options available

Nuclear fission could be an important bridging 
technology



One example solution

With today’s solar technology, each yellow square would let 
one billion people live like a European 



More solutions



What needs to be 
done

1. Make global society much more efficient, 
decreasing total energy consumption

2. Deploy low- and then zero-carbon forms of 
energy production

3. Protect and enhance carbon sinks, including 
forests soils



Why early action 
saves money

Cutting pollution at 3.7% per year is much cheaper than 
cutting at 9.0% per year



Big benefits accompany reducing 
climate pollution

Decreased air and water pollution

Reduced oil spills, coal mining accidents

In China, 3000 people a year die in coal mines

One in eight deaths in China is related to air pollution

Reduced geopolitical vulnerability

Reduced habitat destruction

Increased expertise in the energy technologies of the 
future



4. Conclusions



“We have gotten past the stage, my fellow-
citizens, when we are to be pardoned if we 
treat any part of the country as something to be 
skinned for two or three years for the use of 
the present generation, whether it is the forest, 
the water, the scenery.” -Theodore Roosevelt, 
1903



The key messages 

We cannot burn all the fossil fuels

The world possesses dangerous amounts of 
coal and unconventional oil and gas

The sooner we start taking action, the less it 
will all cost



Good information 
sources
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