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C. David Keeling (SIO, La Jolla) began 
the first modern (and longest continuous) 
record of atmospheric [CO2] increase; his 
first measurements took place at the top 
of an ancient volcano in Maui (Hawaii) 

In recognition of this work, Keeling was awarded the Medal of Science, the highest honor this nation awards to a scientist. 

Today’s lecture is in honor of C. David Keeling, 1928-2005 

Dave and his son Ralph, who 
continues the pioneering work 
started by his late father 



https://scripps.ucsd.edu/programs/keelingcurve/wp-content/uploads/sites/28/2015/06/keelingcurver2.jpeg 

Our thirst for energy from fossil fuels is the basis of atmospheric CO2 increases 

2015 1958 



Today’s lecture is extracted from information posted by two sources: 
IPCC, Climate Change 2013, http://www.climatechange2013.org 

Global Carbon Project, http://www.globalcarbonproject.org 



Part 1: 
Where is all of the increasing atmospheric CO2 coming from? 
 

All data to be shown are shown in billion tonnes CO2 (GtCO2) 
 
1 Gigatonne (Gt) = 1 billion tonnes = 1×1015g  
= 1 Petagram (Pg) 
 
1 kg carbon (C) = 3.664 kg carbon dioxide (CO2) 
 
1 GtC = 3.664 billion tonnes CO2 = 3.664 GtCO2 
 
 



Fossil Fuel and Cement Emissions 

Global fossil fuel and cement emissions: 36.1 ± 1.8 GtCO2 in 2013, 61% over 1990  
Projection for 2014 : 37.0 ± 1.9 GtCO2, 65% over 1990 

 
Estimates for 2011, 2012, and 2013 are preliminary 

Source: CDIAC; Le Quéré et al 2014; Global Carbon Budget 2014 

Uncertainty is ±5% for 
one standard deviation 
(IPCC “likely” range) 



Atmospheric Concentration 

The global CO2 concentration increased from ~277 ppm in 1750 to 395 ppm in 2013 (up 43%) 
Mauna Loa registered the first daily CO2 measurements above 400 ppm in May 2013 

Globally averaged surface atmospheric CO2 concentration 
Data from: NOAA-ESRL after 1980; the Scripps Institution of Oceanography before 1980 (harmonised to recent data by adding 0.542ppm) 

Source: NOAA-ESRL; Scripps Institution of Oceanography; Global Carbon Budget 2014  



Top Fossil Fuel Emitters (Absolute) 

The top four emitters in 2013 covered 58% of global emissions 
China (28%), United States (14%), EU28 (10%), India (7%) 

Bunkers fuel used for international transport is 3% of global emissions 
Statistical differences between the global estimates and sum of national totals is 3% of global emissions 

Source: CDIAC; Le Quéré et al 2014; Global Carbon Budget 2014 



Top Fossil Fuel Emitters (Per Capita) 

China’s per capita emissions have passed the EU28 and are 45% above the global average 

Source: CDIAC; Le Quéré et al 2014; Global Carbon Budget 2014 

Per capita 
emissions 
in 2013 



Part 2: 
Land and ocean plants absorb about 50% of anthropogenic CO2 emissions. 
This is effectively a subsidy. Without this enhanced photosynthesis, CO2 
levels would be rising twice as fast as they are today. 
 



Anthropogenic Perturbation of the Global Carbon Cycle 

Perturbation of the global carbon cycle caused by anthropogenic activities, 
averaged globally for the decade 2004–2013 (GtCO2/yr) 

Source: CDIAC; NOAA-ESRL; Le Quéré et al 2014; Global Carbon Budget 2014 

Data: CDIAC/NOAA-ESRL/GCP



Global Carbon Budget 

Emissions are partitioned between the atmosphere, land, and ocean 

Source: CDIAC; NOAA-ESRL; Houghton et al 2012; Giglio et al 2013; Joos et al 2013; Khatiwala et al 2013;  
Le Quéré et al 2014; Global Carbon Budget 2014 



Global Carbon Budget 

The cumulative contributions to the Global Carbon Budget from 1870 
Contributions are shown in parts per million (ppm) 

Figure concept from Shrink That Footprint 
Source: CDIAC; NOAA-ESRL; Houghton et al 2012; Giglio et al 2013; Joos et al 2013; Khatiwala et al 2013;  

Le Quéré et al 2014; Global Carbon Budget 2014 



Part 3: 
Will we change CO2 emissions rates? 
What is required to bend the curve? 
Could we go ‘cold turkey’ and stop all CO2 emissions tomorrow? 
 



http://www.eia.gov/todayinenergy/detail.cfm?id=16071 

What generational changes, innovations, 
and adjustments are required for us to 
‘bend the curve’ and to reduce our 
consumption of fossil fuels? 
 
Your generation must be the solution, 
because older generations are the 
problem. 



Your generation can create solutions, bend the 
curve, and identify innovative new ways of business. 

https://upload.wikimedia.org/wikipedia/commons/d/d4/Electric_car_charging_Amsterdam.jpg 
http://gosmartenergy.blogspot.com/ http://www.advancedcontrolcorp.com/blog/wp-content/uploads/2013/08/building-energy-efficiency-and-sustainability.jpg 



Observed Emissions and Emissions Scenarios 

Emissions are on track for 3.2–5.4ºC “likely” increase in temperature above pre-industrial 
Large and sustained mitigation is required to keep below 2ºC 

Over 1000 scenarios from the IPCC Fifth Assessment Report are shown 
Source: Fuss et al 2014; CDIAC; Global Carbon Budget 2014 

Data: CDIAC/GCP/IPCC/Fuss et al 2014



Part 4: 
Where are the consequences of increasing atmospheric CO2 
emissions on plants (and humans too)? 
 



There is no doubt about a progressive global temperature increase 



There is no doubt about a progressive global temperature increase 





Precipitation is increasing in some regions, while decreaoing in others. 





Important IPCC summary statements 
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Part 5: 
We are all in this together. Our legacies will be our emissions actions. 
Will you be the generation that bends the emissions curve? 
 



Important IPCC summary statements 

A large fraction of anthropogenic climate 
change resulting from CO2 emissions is 
irreversible on a multi-century to millennial 
time scale, except in the case of a large net 
removal of CO2 from the atmosphere over a 
sustained period.  
 
Surface temperatures will remain 
approximately constant at elevated levels for 
many centuries after a complete cessation of 
net anthropogenic CO2 emissions. Due to 
the long time scales of heat transfer from the 
ocean surface to depth, ocean warming will 
continue for centuries. 
 
Depending on the scenario, about 15 to 40% 
of emitted CO2 will remain in the atmosphere 
longer than 1,000 years.  
 



The multiple and cascading dimensions of atmospheric change 


