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During the last glacial cycles CO2 levels varied between 
180 ppm and 280 ppm

Credit:NOAA

IPCC: ‘Continued emissions of greenhouse gases will cause further warming and
changes in all components of the climate system. Limiting climate change will
require substantial and sustained reductions of greenhouse gas emissions.’
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Presentation Notes
The atmospheric CO2 concentration in 2014 was 43% above the concentration at the start of the Industrial Revolution (about 277 ppm in 1750). The present CO2 concentration is the highest during at least the last 800,000 years.



http://www.globalcarbonatlas.org/?q=en/outreach

http://www.globalcarbonatlas.org/?q=en/outreach


Total global emissions by source

Land-use change was the dominant source of annual CO2 emissions until around 1950

Others: Emissions from cement production and gas flaring
Source: CDIAC; Houghton et al 2012; Giglio et al 2013; Le Quéré et al 2015; Global Carbon Budget 2015

Presenter
Presentation Notes
Emissions of CO2 from deforestation arise mostly from the burning of trees and other vegetation in tropical forests cleared for agricultural use. 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

http://cdiac.ornl.gov/trends/emis/meth_reg.html
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-7-349-2015
http://www.globalcarbonproject.org/carbonbudget/


Anthropogenic perturbation of the global carbon cycle

Presenter
Presentation Notes
44 % atmosphere, 30 % biosphere (land), 26 % ocean



Top four fossil fuel emitters

The top four emitters in 2014 covered 59% of global emissions
China (27%), United States (15%), EU28 (10%), India (7%)

Source: CDIAC; Le Quéré et al 2015; Global Carbon Budget 2015

http://cdiac.ornl.gov/trends/emis/meth_reg.html
http://dx.doi.org/10.5194/essd-7-349-2015
http://www.globalcarbonproject.org/carbonbudget/


Top fossil fuel emitters (per capita)

Countries have a broad range of per capita emissions reflecting their national circumstances 
China’s per capita emissions have passed the EU28 and are 43% above the global average

Source: CDIAC; Le Quéré et al 2015; Global Carbon Budget 2015

http://cdiac.ornl.gov/trends/emis/meth_reg.html
http://dx.doi.org/10.5194/essd-7-349-2015
http://www.globalcarbonproject.org/carbonbudget/


Historical cumulative emissions by country

Cumulative emissions (1990–2014) were distributed : USA (20%), China (19%), EU28 (15%), India (5%)

Source: CDIAC; Le Quéré et al 2015; Global Carbon Budget 2015

Cumulative emissions from fossil-fuel and cement were distributed (1870–2014):
USA (26%), EU28 (23%), China (12%), and India (3%) covering 64% of the total share

Presenter
Presentation Notes
The cumulative carbon emissions are the sum of the total CO2 emitted during a given period of time

http://cdiac.ornl.gov/trends/emis/meth_reg.html
http://dx.doi.org/10.5194/essd-7-349-2015
http://www.globalcarbonproject.org/carbonbudget/


Flows from location of generation of emissions to location 
of consumption of goods and services

Values for 2011. EU is treated as one region. Units: MtCO2
Source: Peters et al 2012
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Presentation Notes
Consumption-based emissions allocate emissions to where goods and services are consumed, not where they are produced and emissions released.

http://www.biogeosciences.net/9/3247/2012/bg-9-3247-2012.html


Allocating emissions to the consumption of goods and services 
provides an alternative perspective on emission drivers

Source: Le Quéré et al 2015; Peters et al 2011; Global Carbon Project 2015

http://dx.doi.org/10.5194/essd-7-349-2015
http://www.pnas.org/content/108/21/8903
http://www.globalcarbonproject.org/


Emissions from the countries participating in this course

Thanks to Robbie Andrew for making this plot



What will the future 
climate look like?

https://xkcd.com/605/



Observed emissions and future emissions scenarios

Over 1000 scenarios from the IPCC Fifth Assessment Report are shown
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Presentation Notes
Large and sustained mitigation is required to keep below 2ºC. RCP2.6 is a new scenario and relevant for the 2-degree target. Long-term scenarios of emissions or atmospheric concentrations are designed to represent a range of plausible future trajectories as input for climate change research.The emission pledges submitted to the Paris climate summit avoid the worst effects of climate change (red), most studies suggest a likely temperature increase of about  3°C (brown) 



Projections of global mean sea level rise over the 21th 
century show that sea levels will continue to increase

Figure © IPCC 2013
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Presentation Notes
The global ocean will continue to warm during the 21st century. Heat will penetrate from the surface to the deep ocean and affect ocean circulation. Figure SPM.9 | Projections of global mean sea level rise over the 21st century relative to 1986–2005 from the combination of the CMIP5 ensemble with process-based models, for RCP2.6 and RCP8.5. The assessed likely range is shown as a shaded band. The assessed likely ranges for the mean over the period 2081–2100 for all RCP scenarios are given as coloured vertical bars, with the corresponding median value given as a horizontal line. For further technical details see the Technical Summary Supplementary Material {Table 13.5, Figures 13.10 and 13.11; Figures TS.21 and TS.22}



The models predicts that the Arctic can become 
ice free in 2050  

Figur © IPCC 2013

RCP 2.6 RCP 8.5

Presenter
Presentation Notes
Figure SPM.7, Panel bRCP8.5: The models show that the Arctic will become Ice Free in September in 2050 Complete caption of Figure SPM.7:Figure SPM.7 | CMIP5 multi-model simulated time series from 1950 to 2100 for (a) change in global annual mean surface temperature relative to 1986–2005, (b) Northern Hemisphere September sea ice extent (5-year running mean), and (c) global mean ocean surface pH. Time series of projections and a measure of uncertainty (shading) are shown for scenarios RCP2.6 (blue) and RCP8.5 (red). Black (grey shading) is the modelled historical evolution using historical reconstructed forcings. The mean and associated uncertainties averaged over 2081−2100 are given for all RCP scenarios as colored vertical bars. The numbers of CMIP5 models used to calculate the multi-model mean is indicated. For sea ice extent (b), the projected mean and uncertainty (minimum-maximum range) of the subset of models that most closely reproduce the climatological mean state and 1979 to 2012 trend of the Arctic sea ice is given (number of models given in brackets). For completeness, the CMIP5 multi-model mean is also indicated with dotted lines. The dashed line represents nearly ice-free conditions (i.e., when sea ice extent is less than 106 km2 for at least five consecutive years). For further technical details see the Technical Summary Supplementary Material {Figures 6.28, 12.5, and 12.28–12.31; Figures TS.15, TS.17, and TS.20} 



Ocean Acidification: The Other Carbon Dioxide Problem
The pH of surface ocean waters has fallen by 0.1 pH units; a 30 % increase in acidity

Source: NOAA PMEL Carbon Program
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Presentation Notes
Since the beginning of the Industrial Revolution, the pH of surface ocean waters has fallen by 0.1 pH units. Since the pH scale is logarithmic, this change represents approximately a 30 % increase in acidity. When carbon dioxide (CO2) is absorbed by seawater, chemical reactions occur that reduce seawater pH, carbonate ion concentration, and saturation states of biologically important calcium carbonate minerals



Figur © IPCC 2013

By the end of this century the surface waters of the ocean 
could be nearly 150 % more acidic (business as usual)
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Presentation Notes
Figure SPM.7, Panel c. resulting in a pH that the oceans haven’t experienced for more than 20 million years.Complete caption of Figure SPM.7:Figure SPM.7 | CMIP5 multi-model simulated time series from 1950 to 2100 for (a) change in global annual mean surface temperature relative to 1986–2005, (b) Northern Hemisphere September sea ice extent (5-year running mean), and (c) global mean ocean surface pH. Time series of projections and a measure of uncertainty (shading) are shown for scenarios RCP2.6 (blue) and RCP8.5 (red). Black (grey shading) is the modelled historical evolution using historical reconstructed forcings. The mean and associated uncertainties averaged over 2081−2100 are given for all RCP scenarios as colored vertical bars. The numbers of CMIP5 models used to calculate the multi-model mean is indicated. For sea ice extent (b), the projected mean and uncertainty (minimum-maximum range) of the subset of models that most closely reproduce the climatological mean state and 1979 to 2012 trend of the Arctic sea ice is given (number of models given in brackets). For completeness, the CMIP5 multi-model mean is also indicated with dotted lines. The dashed line represents nearly ice-free conditions (i.e., when sea ice extent is less than 106 km2 for at least five consecutive years). For further technical details see the Technical Summary Supplementary Material {Figures 6.28, 12.5, and 12.28–12.31; Figures TS.15, TS.17, and TS.20} 



Figur © IPCC 2013

There is a large difference between the ‘two worlds’
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Presentation Notes
Figure SPM.8, Panels a and bComplete caption of Figure SPM.8:Figure SPM.8 | Maps of CMIP5 multi-model mean results for the scenarios RCP2.6 and RCP8.5 in 2081–2100 of (a) annual mean surface temperature change, (b) average percent change in annual mean precipitation, (c) Northern Hemisphere September sea ice extent, and (d) change in ocean surface pH. Changes in panels (a), (b) and (d) are shown relative to 1986–2005. The number of CMIP5 models used to calculate the multi-model mean is indicated in the upper right corner of each panel. For panels (a) and (b), hatching indicates regions where the multi-model mean is small compared to natural internal variability (i.e., less than one standard deviation of natural internal variability in 20-year means). Stippling indicates regions where the multi-model mean is large compared to natural internal variability (i.e., greater than two standard deviations of natural internal variability in 20-year means) and where at least 90% of models agree on the sign of change (see Box 12.1). In panel (c), the lines are the modelled means for 1986−2005; the filled areas are for the end of the century. The CMIP5 multi-model mean is given in white colour, the projected mean sea ice extent of a subset of models (number of models given in brackets) that most closely reproduce the climatological mean state and 1979 to 2012 trend of the Arctic sea ice extent is given in light blue colour. For further technical details see the Technical Summary Supplementary Material. {Figures 6.28, 12.11, 12.22, and 12.29; Figures TS.15, TS.16, TS.17, and TS.20} 



Global emissions must quickly drop to zero to hold to 2°C







The winter of 2014



The winter of 2014

Tom Phillips/BuzzFeed | Photoraidz/Shutterstock
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