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At the completion of today’s section, students should be able 
to:

1. Know what affects CO2 variability in the atmosphere

2. Describe how has global carbon cycle changed over the past 
two centuries

3. Describe the long-term fate of anthropogenic Carbon

4. Identify the role of the ocean in climate change 

5. implications of climate change on society 

Student Learning Outcomes (SLOs)
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How does CO2 affect climate?
The Earth’s temperature is set by a Radiation Balance:

If more heat arrives from the sun than can escape as infrared
(IR) rays, the Earth gets warmer.

CO2 and other greenhouse gases absorb IR, so an increase in CO2 causes an 
increase in temperature.



Climate Change versus Global Warming
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So “climate” refers not to the weather today or this week or this 
year, but rather to the range of weather (including hot and cold 

years, wet and dry years) that is typical of each region.

•Climate change is a natural process that has happened for billions of years
•Human activities are changing the rate of climate change
•Climate change includes many more effects than warming

Webster: 

“Climate: the average condition of the weather at a 
place over a period of years as exhibited by 
temperature, wind velocity, and precipitation”
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Are global temperatures linked to atmospheric CO2 ?
Vostok Ice Core CO2 Concentration and Temperature Variation Record 

IPCC: “Global mean surface temperature has increased more than 0.5˚C since the 
beginning of the 20th century, with this warming likely being the largest during any 
century over the past 1,000 years for the Northern hemisphere.”



What Drives Climate Change? 

Adapted from Sarmiento and Gruber 2002 using Trends online data

Increase
2 ppm/yr



Recent atmospheric carbon dioxide levels

Atmospheric CO2 levels have risen from ~315 
ppmv in 1958 to 404 ppmv in 2017 (~28%)



Rate of increase of atmospheric CO2 is not constant

Varies with: Economic activity and natural sinks/sources 
(El Nino, droughts, fires, Volcanic activity)

Annual Mean Global Carbon Dioxide Growth Rates (NOAA/ESRL)
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Carbon Inventories of Reservoirs that Naturally Exchange Carbon 
on Time Scales of Decades to Centuries

Ocean
38,155 PgC

Soil~2000 PgC
Plants~550 PgC
Atm.=829 PgC

Preind.
Atm. C
=71%

Ocean CAnt =0.4%

• Oceans contain ~90% of carbon in this 4 component system 

• anthropogenic component is difficult to detect in the ocean

CAnt. =
29%

(Ocean Cant < 1.5% 
of upper 1000 m)

Average stocks for 2000-2009



IPCC global carbon cycle and the flows of carbon



Preindustrial C cycle was from the Ocean to the Land



Today we have reversed that flow



Source: CDIAC; NOAA-ESRL; Houghton et al 2012; Giglio et al 2013; Le Quéré et al 2016; Global Carbon Budget 2016

Budget Changes Over Time
Averages for last decade (2006-2015)

44%

26%

30%

90%

10%

9.3±0.5 PgC/yr (34.1 GtCO2)

1.0±0.5 PgC/yr (3.6 GtCO2)

4.5±0.2 PgC/yr (16.4 GtCO2)

2.6±0.2 PgC/yr (9.7 GtCO2)

3.2±0.5 PgC/yr (11.6 GtCO2)

1.0±0.5 PgC/yr (3.6 GtCO2)

CO
2

em
iss

io
ns

 (G
t C

O
2/

yr
)

9.3±0.5 PgC/yr (34.1 GtCO2)

http://cdiac.ornl.gov/trends/emis/meth_reg.html
http://www.esrl.noaa.gov/gmd/ccgg/trends/
http://www.biogeosciences.net/9/5125/2012/bg-9-5125-2012.html
http://onlinelibrary.wiley.com/doi/10.1002/jgrg.20042/abstract
http://dx.doi.org/10.5194/essd-8-605-2016
http://www.globalcarbonproject.org/carbonbudget/


Source: CDIAC; NOAA-ESRL; Houghton et al 2012; Giglio et al 2013; Le Quéré et al 2016; Global Carbon Budget 2016

Budget Changes Over Time
Averages for last decade (2006-2015)

44%

26%

30%

90%

10%

9.3±0.5 PgC/yr (34.1 GtCO2)

1.0±0.5 PgC/yr (3.6 GtCO2)

4.5±0.2 PgC/yr (16.4 GtCO2)

2.6±0.2 PgC/yr (9.7 GtCO2)

3.2±0.5 PgC/yr (11.6 GtCO2)

1.0±0.5 PgC/yr (3.6 GtCO2)

CO
2

em
iss

io
ns

 (G
t C

O
2/

yr
)

http://cdiac.ornl.gov/trends/emis/meth_reg.html
http://www.esrl.noaa.gov/gmd/ccgg/trends/
http://www.biogeosciences.net/9/5125/2012/bg-9-5125-2012.html
http://onlinelibrary.wiley.com/doi/10.1002/jgrg.20042/abstract
http://dx.doi.org/10.5194/essd-8-605-2016
http://www.globalcarbonproject.org/carbonbudget/


Source: CDIAC; NOAA-ESRL; Houghton et al 2012; Giglio et al 2013; Le Quéré et al 2016; Global Carbon Budget 2016

Budget Changes Over Time
Averages for last decade (2006-2015)

44%

26%

30%

90%

10%

9.3±0.5 PgC/yr (34.1 GtCO2)

1.0±0.5 PgC/yr (3.6 GtCO2)

4.5±0.2 PgC/yr (16.4 GtCO2)

2.6±0.2 PgC/yr (9.7 GtCO2)

3.2±0.5 PgC/yr (11.6 GtCO2)

http://cdiac.ornl.gov/trends/emis/meth_reg.html
http://www.esrl.noaa.gov/gmd/ccgg/trends/
http://www.biogeosciences.net/9/5125/2012/bg-9-5125-2012.html
http://onlinelibrary.wiley.com/doi/10.1002/jgrg.20042/abstract
http://dx.doi.org/10.5194/essd-8-605-2016
http://www.globalcarbonproject.org/carbonbudget/


Source: CDIAC; NOAA-ESRL; Houghton et al 2012; Giglio et al 2013; Le Quéré et al 2016; Global Carbon Budget 2016

Budget Changes Over Time
Averages for last decade (2006-2015)

44%

26%

30%

90%

10%

9.3±0.5 PgC/yr (34.1 GtCO2)

1.0±0.5 PgC/yr (3.6 GtCO2)

4.5±0.2 PgC/yr (16.4 GtCO2)

2.6±0.2 PgC/yr (9.7 GtCO2)

3.2±0.5 PgC/yr (11.6 GtCO2)

http://cdiac.ornl.gov/trends/emis/meth_reg.html
http://www.esrl.noaa.gov/gmd/ccgg/trends/
http://www.biogeosciences.net/9/5125/2012/bg-9-5125-2012.html
http://onlinelibrary.wiley.com/doi/10.1002/jgrg.20042/abstract
http://dx.doi.org/10.5194/essd-8-605-2016
http://www.globalcarbonproject.org/carbonbudget/


What are the long-term consequences of fossil fuel burning?

Hypothetical scenario: We instantly inject 5,000 Pg of carbon into the atmosphere 

Time-scale of a few hundred years: primary storage is atmosphere with ocean and land absorption

Time-scale of a few thousand years: land sink maxed out and ocean becomes primary storage location

Time-scale of ten thousand years: ocean is primary storage location and mineral sink growing

Source: IPCC 5th Assessment Report



97% of Climate Scientists Agree 
Warming of the climate system is 
unequivocal, and since the 1950s, 
many of the observed changes are 
unprecedented over decades to 
millennia.

Human influence on the climate 
system is clear. It is extremely likely 
that human influence has been the 
dominant cause of the observed 
warming since the mid-20th 
century.

259 authors selected from 39 countries
Reviewed by 1089 experts



Increasing Confidence With Each 
Assessment 



What causes climate change?



2016 was Warm 

Temperature Anomaly (°C)

Global surface temperature in 2016 
was the highest in the period of 
instrumental measurements. 2016 was 
+1.26°C (~2.3°F) warmer than in 
the base period.

Source: Hansen et al. 



Global Energy Storage

~275 ZJ of 
additional solar 
energy have been 
stored in the earth 
system over the 
last 40 years

Atmospheric 
warming accounts 
for about 1% of 
energy storage

Melting Ice 
(including 
Arctic sea ice)  
accounts for 
~3% of energy 
storage

Warming Land 
accounts for ~3% 
of energy storage



Global Energy Storage

Ocean warming 
accounts for 
about ~93% of 
total energy 
storage

The heat we are 
putting in the 
ocean will be 
trapped there 
for many 
thousands of 
years



Loss of Sea Ice in the Arctic 



Some People Think That Changes Are Only 
Happening in a Few places 



Climate Change Impacts on Human Health 



The Impacts of 
Climate Change 

Show Up in 
Many Ways

The World Health 
Organization estimates that 
over the last two decades 
climate change has been 

responsible for an average of 
150,000 deaths per year and 

they expect that rate to double 
over the next two decades!



Rising T and CO2 levels are impacting the ocean in many ways
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a+ decreased buffer capacity
b+ decreased solubility in warm ocean
c+ enhanced recycling in warm ocean
d- carbon overconsumption
e? DOM recycling/export
f+ increased denitrification
g- increased nitrogen fixation
h- reduced calcification
i+ reduced particle ballast
j+ increased stratification
k? increased Southern Ocean winds
l+ reduced deep water formation
m- reduced upwelling
n- increased carbonate dissolution Adapted from Sabine and Tanhua 2009
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