
Global 
Climate 
change

Cycles
Something that repeats

Cycles occur on a wide array of 
timescales possible in the ocean

North	

Atlantic

Weddell Sea

• Material is transferred between reservoirs 
as part of a cycle.	


• Elements on Earth are from when the 
Earth was accreted (~4.5 billion years ago).	
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• Cycles interconnect.

Cycles & Reservoirs
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Carbon reservoirs
Reservoir Amount

Carbonate Sediments 150,000

Soils (dissolved carbon) 25,000

Oceans and Freshwater (dissolved CO 140

Biomass (living material) 30

Fossil fuels (plus organic carbon in sediments) 27

Atmospheric CO 2

Amounts are in units of 1012 tons of CO2 equivalent.

Carbon reservoirs
Reservoir Amount

Carbonate Sediments 150,000

Soils (dissolved carbon) 25,000

• The two largest reservoirs (carbonate 
sediments and soils) are not believed to have 
change much in the last 240 years.

• The total size of the biomass reservoir 
probably hasn’t changed much over last ~200 
years. Increases in human population and 
agriculture offset by deforestation etc.	


• Annual cycle of plant growth and death moves 
CO2 from atmosphere to biomass and back.

Carbon reservoirs
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Carbon reservoirs

Reservoir Amount
150,000

25,000

Oceans and Freshwater (dissolved CO 140

30

Fossil fuels (plus organic carbon in sediments) 27

Atmospheric CO 2

That leaves 

Atmospheric CO2
In 1958 Charles Keeling started regular measurements 

of CO2 concentrations on Mauna Loa.
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Observed 
atmospheric CO2 
levels are smaller 
than predicted 
from  oil, coal 
production 

records.

Carbon reservoirs

So some CO2 must be going in to the ocean.

Predicted

Observed
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Solar radiation budget
Global, annual average.
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Intergovernmental Panel on Climate Change (IPCC)	

5th Assessment report, 2013

“Warming of the climate system is 
unequivocal, since the 1950s, many of the 

observed changes are unprecedented 
over decades to millennia. The 

atmosphere and ocean have warmed, the 
amounts of snow and ice have diminished, 

sea level has risen, and the 
concentrations of greenhouse gases 

have increased.”



Berkley Earth is an 
independent non-
profit funded by 

groups across the 
political spectrum
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Sea level variations

During ice ages sea 
level goes down, 
because water is 

stored as ice on the 
continents.

During warm period 
sea level rises, 

because ice melts 
and ocean water 

expands.



Sea level variations
Last couple of decades 

there have been 
satellites that measure 

Sea Surface Height 
over most of the 
world’s oceans.

Observed average global sea level rise over this 
period is 3.1 +/- 0.7 mm/yr (~ 1 inch every 8 years).

Sea level variations

Sea Surface Height trend 1993 to 2009

Amount of sea level change varies with location. 

Mark Merrifield (2011)

Honolulu sealevel gauge



Low-lying island
are at risk from sea level rise.

The Maldive Islands in the Indian Ocean.

Models

We compare them with the past behavior of 
the planet, as found in paleoclimate records 

such as sediments and ice cores. If the models 
correctly predict what has already happened, 

we can have more confidence in their forecasts.

Climate models are of necessity gross 
simplifications of reality, so how can we 

be sure they give us realistic predictions?

Compare to observations
Comparison of global 
average temperature 

relative to mean 1961 to 
1990 value to IPCC 

predictions.
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First Assessment Report 1990  (FAR)

Second Assessment Report 1996  (SAR)

Third Assessment Report 2001  (TAR)



Resolution
As computers improve the resolution and 

complexity of models can increase.
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Processes

More physical 
processes added, 

as we get a 
better 

understanding of 
their physics.

IP
C

C
 2

00
7

• Climate change is a natural process that has 
happened for millions of years.	


• The climate system includes many cycles linked 
together.	


• Human activities are increasing the rate of climate 
change.	


• Carbon reservoirs, which components have 
changed over the last few hundred years.	


• Climate change is not just warming - its much 
more complicated.	


• 2012 was a record low for Arctic Sea Ice.

Some key ideas


