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Sources of Anthropogenic Greenhouse Gas Emissions 
 

Fossil fuel combustion 
Deforestation 
Plowing soils 
Rice paddies 
Domesticated animals 



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 

http://www.nature.com/doifinder/10.1038/nclimate2392
http://cdiac.ornl.gov/trends/emis/meth_reg.html
http://www.globalcarbonproject.org/carbonbudget/


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 

http://cdiac.ornl.gov/trends/emis/meth_reg.html
http://dx.doi.org/10.5194/essdd-7-521-2014
http://www.globalcarbonproject.org/carbonbudget/


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 

http://cdiac.ornl.gov/trends/emis/meth_reg.html
http://dx.doi.org/10.5194/essdd-7-521-2014
http://www.globalcarbonproject.org/carbonbudget/


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 

http://shrinkthatfootprint.com/burning-the-carbon-sink
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://www.atmos-chem-phys.net/13/2793/2013/acp-13-2793-2013.html
http://www.biogeosciences-discuss.net/9/8931/2012/bgd-9-8931-2012.html
http://dx.doi.org/10.5194/essdd-7-521-2014
http://www.globalcarbonproject.org/carbonbudget/


What can we do to reduce carbon emissions or to 
increase carbon sequestration? 



Carbon Sequestration  
 
A list of possibilities:  
 
1. Afforestation/Reforestation/Conservation 
2. Conservation tillage on croplands (reduction of emissions) 
3. Fertilizing the ocean 
4. Fertilizing forests 
5. Irrigating drylands (pumping and 1% CO2 in groundwater)  
6. More photosynthesis under higher atmospheric CO2 concentrations 
7. Physical and/or chemical removal such as CO2 injection into the 
deep sea 
8. Is there more to add to this list???  



Forestry Practices 

“Plantation methods” 
Afforestation of agricultural land 
Reforestation of harvested or 
burned forest land 

 
Forest management 
Adoption of low-impact 
harvesting methods 
Lengthening of forest rotation 
cycles 
Preventing deforestation 



Agricultural Practices that Sequester Carbon and/or Reduce 
Emissions of Other Greenhouse Gases 

Key Agricultural 
Practices 

Typical definition Effect on 
greenhouse gases 

Conservation or 
riparian buffers 

Grasses or trees 
planted along 
streams and 
croplands to prevent 
soil erosion and 
nutrient runoff 

Increases carbon 
sequestration 

Conservation tillage 30% or more of the 
crop residue 
remains on the soil 
after planting 

Enhanced soil 
sequestration 

Grazing land 
management 

Modification to 
grazing practices 
(e.g. rotational 
grazing) 

Enhanced soil 
sequestration 

Source: EPA 



People like soil C sequestration because: 

• Cost-effective 
• Improve soil quality 
• May increase crop yields 
• Longer time than biomass 
• Existing management infrastructure 
 

Win-Win situation! 



Soil Organic Matter 
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As widely recognized, soil organic matter directly 
controls the quantity and the quality of many important  
ecosystem services. 



Ratten Lal. 2004. Science 



Lost of soil organic carbon from plowing, erosion, and other 
agricultural practices at two places in North America. 



A paper by P. A. Matson (Stanford Univ) et al. (1997) in SCIENCE studied the loss of soil 
carbon due to cultivation and the recovery of soil carbon due to conservation tillage, in 
central U. S. corn belt. 



What is conservation tillage? 

Crops are grown with minimal cultivation of the soil 
 
Most stubble or plant residue remains on top of the soil 
rather than being plowed into the soil. 
 
The new crop is planted into the stubble. 
 
Weeds are controlled with cover crops or herbicides rather 
than cultivation. 
 
Reduces  CO2 emissions 



Rodale Institute White Paper 
2014 



One of the optimistic views:  Ratten Lal. 2004. Science 



The carbon sink capacity of the world’s agricultural and 
degraded soils is 50 to 66% of the historic carbon loss of 42 to 
78 gigatons of carbon.  
 
An increase of 1 ton of soil carbon pool of degraded cropland 
soils may increase crop yield by 20 to 40 kilograms per hectare 
(kg/ha) for wheat, 10 to 20 kg/ha for maize, and 0.5 to 1 kg/ha 
for cowpeas. As well as enhancing food security, carbon 
sequestration has the potential to offset fossil fuel emissions by 
0.4 to 1.2 gigatons of carbon per year, or 5 to 15% of the global 
fossil-fuel emissions. 

One of the optimistic views:  Ratten Lal. 2004. Science 





The Review by Richards and Stokes (2004) 



 
Potential to capture 
significant quantities 
of C for < $50/ton 
 
 
Sequestration in 
developing countries 
may be more cost-
effective than in 
industrialized 
countries 

 Vastly different 
estimates 

 

Summary 



Fertilize the Oceans? 

Introduction of iron to the upper ocean 
Ocean is nutrient-rich but iron deficient 
Supports the growth of phytoplankton 
Will only work where there are unutilized macronutrients: 
Southern Ocean 
Pinatubo put iron dust into the oceans which generated a 
decline in atmospheric CO2 

List of experiments: 
 Ironex I (1993) MLML 
 Ironex II (1995) 
 Southern Ocean Iron Release Experiment (SOIREE, 1999) 
 EisenEx 2000 
 Subarctic Pacific Iron Experiement for EcosystemDynamics Study 
 (SEEDS, 2001) 
 Southern Ocean Iron Experiments ( SOFex, 2002) 
 Subarctic Ecosystem Response to Iron Enrichment Study (SERIES 
 2002) 
 SEEDS II (2004) 
 European Iron Fertilization Experiment (EIFEX 2004) 
 CROZet natural iron bloom and Export experiment (CROZEX 2005) 
 LOHAFEX (2009) 

 



Side Effects 
(mostly unknown) 

1. Low oxygen regions in the deep ocean 
2. Increased denitrification and production of N²O 
3. Harmful algal blooms 
4. Alteration of marine food webs 
5. Increased ocean acidity 



“Ocean fertilization: dead in the water?” 
(Article in Nature, January 2009) 

Relative to one unit of added iron, the amount of 
C sequestered to 200 meter depth was almost 80 
times smaller than results from a previous study. 
 
So, ocean fertilization would not have a large 
effect on the levels of atmospheric CO2. (Pollard 
et al. 2009) 
 
However, Germany recently approved the 
LOHAFEX project where they will dump 20 tons of 
iron sulfate into a 300 sq. km. area between 
Argentina and the Antarctic Peninsula. 



Geologic Carbon Sequestration 
Storing CO2 in deep underground reservoirs: depleted oil and 
gas fields, unmineable coal seams, saline aquifers 
 
Storage formations can occur in both onshore and offshore 
basins 
 
CO2 must be transported from fossil-fuel fired power plants via 
pipeline to geologic reservoirs 

Storage will occur at depths 
below 800m where pressures 
and temperatures will usually 
result in CO2 being in a liquid 
state. 
 
Well-sealed cap rock is 
important. 



Capacity of Storage Formations 



Problems with Geologic Storage 

Transport costs 
 
Potential leakage 
Slow, chronic leakage may result in acidification 
of ground water and other water quality issues 

 
Sudden catastrophic release could result in death 

From: Carbon Dioxide Capture and 
Geologic Storage: A core element 
of a global energy technology 
strategy to address climate change 
(Dooley, 2006) 





Duke’s FACE site 

Enriching the plots with 
additional 200ppm of CO2 
over ambient levels 
 
Also have control plots to 
study basic C and N 
cycling 

Increased Photosynthesis 



NPP & CO2 

Average basal area (±1 SE) for loblolly pine trees growing in ambient 
(n=102) and elevated (n=101) CO2.  Values are percentages of initial basal 
area.  Insert shows absolute difference between basal area of elevated and 
ambient trees, and the arrows indicate when CO2 fumigation was initiated. 







What can we do to reduce carbon emissions or to 
increase carbon sequestration? 





Source: CO2 Information Analysis Center, Oak Ridge National Lab.  



Summary 
 

1. Since 1995 human activities at the global scale have changed approximately 4% of 
total annual atmospheric influx. This rate is about 100 times faster than any fast 
rate of change recorded in the ice cores in the past 500 million years.  

 
2. Since 1995 burning fossil fuels has contributed more than 80% of the total annual 

human sources of atmospheric CO2.  
 

3. Deforestation by burning and subsequent conversion to either grasslands or 
croplands has been one of the major carbon emission sources to the atmosphere, 
especially at the modern speed of forest destruction.  
 

4. Agricultural management styles, especially soil tillage practices, can significantly 
influence the global carbon cycle,  either storing more carbon in soils or losing 
more carbon to the atmosphere. 
 

5. We related global and local actions to the global carbon cycle.  
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