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Objec&ves of the Session 

•  Gain literacy about GHG emissions sources, trends, and 
future projecIons 
–  Cross‐country comparisons 
–  Influences of changes in income, populaIon, energy 
efficiency, and fuel mix on emissions trends 

–  Policy implicaIons 
•  Become familiar with the Climate Analysis Indicators 
Tool (CAIT) 
–  Explore ways for students to use CAIT to develop 
quanItaIve literacy about GHG emissions. 

•  IdenIfy ‘essenIal principles’ for students to learn 
about GHGs 







Source: UNEP, GRID/Arendal, Vital Climate Graphics, h^p://www.grida.no/publicaIons/vg/climate/ 

Carbon Cycle 





“Keeling Curve.” Average monthly CO2 concentraIon (red) and 12 month moving average (blue). This 
figure was created by Robert Rohde from published data. 



Industrial revoluIon and the atmosphere 

Carbon dioxide  Methane  Nitrous Oxide 

Source: IPCC 2007, WGI, Figure SPM‐1. 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[Adapted from Figure 6.3, ©IPCC 2007: WG1‐AR4] 

CO2 Concentra&on 



CAIT/WRI 
Climate Analysis Indicators 
Tool 

Login to CAIT:    
 h^p://cait.wri.org/ 

Tool for exploring and 
analyzing GHG and 
related social and 
economic data 



Countries w/ largest GHG 
emissions 
Select “GHG Emissions” 
Select “Yearly Emissions” 
Select: 

• 2005 
• NaIonal Total 
• All GHGs 
• Include Land‐Use Change & Forestry 

Select “Update” 
Sort by MtCO2e in descending order 
Select “Table Info” to view informaIon 
about the data 
Select “Map” to generate a global map 
of the data 

Select “Download” to download data 
to spreadsheet.  

Repeat for CO2 w/ LUCF and CO2 w/o 
LUCF 



Countries with largest GHG emissions, 2005 
(Source: WRI, CAIT, Version 8) 

All GHGs from Energy & 
Land Use Change 

CO2 from Energy & Land 
Use Change 

CO2 from Energy Only 

Rank Country MtCO2e  Rank Country MtCO2e Rank Country MtCO2e 

1 China 7,186 1 USA 5,725 1 USA 5,842 

2 USA 6,797 2 China 5,544 2 China 5,591 

3 EU* 5,043 3 EU* 4,097 3 EU* 4,097 

4 Brazil 2,842 4 Brazil 2,180 4 Russia 1,563 

5 Indonesia 2,042 5 Indonesia 1,815 5 Japan 1,253 

6 Russia 2,013 6 Russia 1,621 6 India* 1,228 

7 India* 1,859 7 Japan* 1,253 7 Germany* 829 

8 Japan* 1,346 8 India* 1,228 8 Canada 567 

9 Germany* 978 9 Germany* 829 9 UK* 543 

10 Canada 804 10 Canada 631 10 S. Korea* 495 

*Data not available for emissions from land use change.  



GHG Emissions Selected Countries, 2005 
Data source: WRI, CAIT, version 8.0 

*Data not available for emissions from land use change.  



Top 10 emi^ers: total, per person, per $ gdp, per 
ton energy consumed 

Rank  Total CO2 from 
Energy 

CO2 per person  CO2 per $ GDP CO2 per tonne 
energy 
consumed 

1  USA  Qatar Nauru  Congo 

2  China  Kuwait Uzbekistan  Mongolia 

3  European Union  UAE N Korea Korea (North) 

4  Russia  Bahrain Turkmenistan  Lebanon 

5  Japan  Luxembourg Serbia & Mont China 

6  India  USA Mongolia  Cyprus 

7  Germany 
Trinidad & Tobago Kazakhstan  

Bosnia & 
Herzegovina 

8  Canada  Australia Ukraine  Greece 

9  United Kingdom  Canada China  Estonia 

10  Korea (South)  Saudi Arabia Iraq*  Australia 

Data source: WRI, CAIT, Version 8.0 



CO2 Emissions from Energy, 2007 

Data source: WRI, CAIT, version 8.0 



Responsibility for Climate Change 
ContribuIons to annual CO2 emissions from energy and to CO2 

concentraIon in the atmosphere 

Annex I  Non‐Annex I 

CO2 Emissions 2007  49.4%  49.1% 

CO2 ConcentraIon:  
1990 ‐ 2007  57.4%  41.1% 

CO2 ConcentraIon:  
1950 ‐ 2007  66.4%  32.6% 

CO2 ConcentraIon:  
1900 ‐ 2007  69.1%  29.9 

Data source: WRI, CAIT, Version 8.0 



CO2 emission trends 
Select: 

• “Graph Trends” 
• “Compare Countries” 
• CO2 emissions 
• Time period 
• Countries 

Select “Update” 

Can save image by right clicking over 
graph 



Emissions of CO2 from energy use and industrial sources. 
Graph generated from CAIT, July 2010: h^p://cait.wri.org/  

CO2 emission trends: 5 country comparison 



Kaya IdenIty & decomposiIon 

C  =  Pop x  GDP/Pop  x  E/GDP  x  C/E 

Emissions = populaIon x per capita income x energy 
intensity x carbon intensity 

For small changes: 
   % Δ CO2 =    % Δ populaIon 
           + % Δ per capita income 
           + % Δ energy intensity 
           +% Δ carbon intensity 



Graph trends in Kaya 
iden&ty factors 
Under “Graph Trends”, “Compare 
Countries” select: 

• Income per capita 
• PopulaIon 
• Carbon intensity of economy 
• Carbon intensity of energy use 



Graphs generated from CAIT, July 2010: h^p://cait.wri.org/  

Five Country Comparison 



North‐South Comparison 

Emissions of CO2 from energy use and industrial sources. 
Graph generated from CAIT, July 2010: h^p://cait.wri.org/  



Data source: CAIT, July 2010: h^p://cait.wri.org/  



EssenIal principles of GHGs (1) 
(Or: what should our students learn?) 

•  CO2, CH4, N2O have natural & human sources 
– Human sources: mostly burning fossil energy, 
clearing land, agriculture 

•  Emissions have grown rapidly since mid‐19th 
century 
•  Have exceeded capacity of Earth systems to process 

•  ConcentraIons growing 
–  CO2 concentraIon higher now than past 800k+ years 

•  It’s not just about CO2 
– Other gases responsible for >20% of the annual 
addiIons to warming potenIal 



EssenIal principles of GHGs (2) 
(Or: what should our students learn?) 

•  25 countries responsible for 80% of emissions 
•  Developed countries account for majority of past & current 

emissions 
–  Per capita emissions several Imes higher than in developing 

countries 
–  Developed countries responsible for >60% of increase in CO2 

concentraIon in the atmosphere 
•  Emissions growth most rapid in developing world 

–  Driven by income and populaIon growth 
–  ReducIons in energy/$gdp have offset some of the emissions 

growth 
–  Changes in C/energy consumed has had mixed but mostly 

offsezng effects 



EssenIal principles of GHGs (3) 
(Or: what should our students learn?) 

•  Globally, emissions of GHGs conInue to rise 
– ConcentraIons are rising too 

•  Projected trends in GHG emissions would 
warm the planet an esImated 1‐6oC by 2100 

•  HalIng the rise in GHG concentraIons would 
require deep reducIons in annual emissions 
•  Stabilizing emissions near present level would not 
stabilize GHG concentraIons 



Useful Resources 

•  WRI website: www.wri.org  
– CAIT and CAIT‐US databases & tools 
– Baumert, Herzog, Pershing (2005) 
– EarthTrends database 

•  USEPA website: www.epa.gov/climatechange/ 
– Official inventories of US GHG emissions 

– Lots of other informaIon about climate change 



Extra Slides 



IPCC Scenario Storylines 

Source: derived from IPCC SRES, 2000. 



ProjecIons of CO2 Emissions and ConcentraIons 

Source: IPCC, 2001, WGI Report, Figure 5 



ProjecIons of GHG Emissions and Changes in Global Mean Surface Temperature 

Source: IPCC, 2007, Synthesis Report, Figure SPM‐5 



Per Capita 
CO2 
Emissions 

Source: World Bank online database, 2004 



GHG Emission Profiles, 
2005 
Excludes land use change 

Source: WRI, CAIT, version 8.0 


