
Chapter 19

Global Change



 In order to understand Climate Change (Global 
Warming), we must 1st understand Climate



Global Change



 Three major factors shape the earth’s climate:

 The sun.

 Greenhouse effect that warms the earth’s lower 
troposphere and surface because of the presence of 
greenhouse gases.

 Oceans store CO2 and heat, evaporate and receive 
water, move stored heat to other parts of the world.

 Natural cooling process through water vapor in the 
troposphere (heat rises).



 When radiation from the sun hits the atmosphere, 1/3 
is reflected back.  

 Short wave radiation is then absorbed by earth and 
reradiated in the form of infrared radiation (heat)

 Greenhouse gases then absorb this heat thus warming 
the atmosphere 

The Greenhouse Effect





 Water vapor

 Carbon dioxide 

 Methane

 Nitrous oxide

Greenhouse Gases





 Volcanic eruptions- mainly carbon dioxide

 Methane – from decomposition

 Water vapor

Natural Greenhouse Gases



Global Circulation (Planetary Winds)









 Essentially, a natural change in Earth’s 
eccentricity and tilt

 Approximately a 26,000 year cycle



Evidence

 Glaciers

 Permafrost

 Artic Ice

 Antarctic Ice

 Greenland Ice Sheet
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 Where soil over 1-meter down never thaws

 About 10% of Earth’s surface has permafrost

 Tundra and taiga are characterized by extreme 
cold

 24 hours of sun during the summer 

 Huge amount of vegetation grows 

 In the last 11,000 years, the permafrost has not 
thawed 

 None of the vegetation has decayed

 Decay releases CO2 and methane



 Alaska permafrost 
temperature has increased 
0.5° to 1.5° C since 1980, 

 Serious effects include 
 forest damage
 sinking roads and buildings
 eroding tundra riverbanks
 changes in tundra vegetation
 increased carbon dioxide and 

methane emissions from 
thawed peat. 



 Estimates of billions of 
tons of methane 
 Double existing 

methane in atmosphere

 Methane is 20 to 60 
times as strong of a  
greenhouse gas as CO2
 10 to 25% increase in 

global warming



 Land mass 
covered by 
multiple glaciers

 Glaciers average 
8000 feet thick

 Represents 10% of 
all landmass on 
Earth



 Rivers of water 
about 10 meters 
in diameter that 
flow through the 
glacier

 Bring melted 
water below the 
glaciers





 Glaciers located on three 
islands

 Greenland loses 20% more 
ice than it gains each year

 If all of the ice melts –
oceans will rise 23 feet 

 If moulins work like those 
in Antarctica…



 David Keeling began measuring CO 2 in 1958.  

Increasing CO2 Concentrations



Emissions from the Developed 
and Developing World



 Since 1880 temperatures have increased 0.8°C.  

Global Temperatures since 1880





 No one was around thousands of years ago to measure 
temperatures so we use other indirect measurements.  
Some of these are

 Changes in species compositions

 Chemical analyses of ice

Temperatures and Greenhouse Gas 
Concentrations in Past 400,000 Years





 We know that an increase in CO2 in the 
atmosphere causes a greater capacity for 
warming through the greenhouse effect. 

 When the Earth experiences higher 
temperatures, the oceans warm and cannot 
contain as much CO2 gas and, as a result, they 
release CO2 into the atmosphere. 

Putting It Together







Feedbacks



 Melting of polar ice caps, Greenland and Antarctica

 Melting of many glaciers around the world

 Melting of permafrost

 Rising of sea levels due to the melting of glaciers and 
ice sheets and as water warms it expands

 Heat waves

 Cold spells

 Change in precipitation patterns

 Increase in storm intensity

 Shift in ocean currents

Consequences to the Environment 
Because of Global Warming





 Wild plants and animals can be affected.  The 
growing season for plants has changed and 
animals have the potential to be harmed if they 
can’t move to better climates. 

 Humans may have to relocate, some diseases 
like those carried by mosquitoes could increase 
and there could be economic consequences.

Consequences to Living 
Organisms



 The fundamental basis of climate change- that 
greenhouse gas concentrations are increasing 
and that this will lead to global warming is not 
in dispute among the vast majority of 
scientists.

 What is unclear is how much world 
temperatures will increase for a given change 
in greenhouse gases, because that depends on 
the different feedback loops.  

The Controversy of Climate 
Change





 In 1997, representatives of the nations of the 
world went to Kyoto, Japan to discuss how best 
to control the emissions contributing to global 
warming.

 The agreement was that emissions of 
greenhouse gases from all industrialized 
countries will be reduced to 5.2% below their 
1990 levels by 2012.

 Developing nations did not have emission 
limits imposed by the protocol.

The Kyoto Protocol



 An approach involving taking CO2 out of the 
atmosphere.  

 Some methods include storing carbon in 
agricultural soils or retiring agricultural land and 
allowing it to become pasture or forest.  

 Researchers are looking at cost-effective ways of 
capturing CO2 from the air, from coal-burning 
power stations, and from other emission sources. 

 This captured CO2 would be compressed and 
pumped into abandoned oil wells or the deep 
ocean. 

Carbon Sequestration




