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Introduction to CDIAC

Providing a wide variety of
data and information
products to the global-change
community since 1982, on
behalf of the U.S. Department
of Energy’s Office of
Biological and Environmental
Research

• Special emphasis
– Quality assurance
– Documentation
– Derived, integrated products

• Focus areas
– Ocean carbon surveys
– Free-Air CO2 Enrichment (FACE)
– NARSTO
– AmeriFlux

• World Data Center for Atmospheric Trace
Gases

Since 1992, a component of the World
Data Center System of the International
Council of Scientific Unions

• User community
Many thousands of individuals and

institutions around the world





Greenhouse Gases

• CO2

• CH4

• N2O
• HFCs
• PFCs
• SF6

• CFCs

(data from  CDIAC NDP-001)



Sources of GHG Emissions

• Energy
– fossil-fuel combustion, coal mining...

• Agriculture
– fertilizer use, rice cultivation, livestock...

• Industry
–cement, nylon, nitric acid...

• Waste Management
– landfills, wastewater treatment...

• Land-Use Change
–deforestation...



Fossil-Fuel & Cement
CO2 Emissions

(data from Marland et al., CDIAC NDP-030)



Top 20 (1995 Fossil-Fuel/Cement CO2 Emissions)
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Gridded 1990 Global CO2 Emissions,
Distributed per Population

(data from Andres et al., CDIAC NDP-058)



Latitudinal Distribution of CO2 Emissions

(data from Andres et al., CDIAC DB1013)



Isotopic Signature of Fossil-Fuel and Cement
Manufacture Carbon Emissions
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 How well does population
distribution predict the
distribution of CO2
emissions?

 What other factors are
important?



Validation of Population Proxy



Hypothesis: Big Influence from Coal

• Coal is often combusted near the source
(i.e., many mine-mouth power plants)

• Coal has the highest carbon/energy
coefficient of the fossil fuels
–coal: 25-26 kg C/106 Btu
–petroleum: 17-21 kg C/106 Btu
–natural gas: 14-15 kg C/106 Btu

à states with major coal production should
tend to have higher per-capita carbon
emissions



State Fossil-Fuel Emissions & Population
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Other Factors

• Non-fossil energy sources
• Electrical imports

… would both tend to lower per-capita carbon emissions
within a state



Non-Fossil Energy Sources



Electricity Imports

State A

State B

CO2



Results of Statistical Analyses

• Population explained 84-85% of variance in CO2
emissions (P<0.0001)

• Contribution and significance of other variables
depended on statistical model
–Untransformed variables:

• electricity imports (P<0.006) + coal production (P<0.06) together
explained an additional 7% of variance

• non-fossil energy explained <1% of variance (P>0.16)

–Transformed variables:
• coal production explained 9% of variance (P<0.0001)
• electricity imports (P>0.86) and non-fossil energy (P>0.23) together
explained <0.5% of variance



Factors Affecting Population-Emissions
Relationship

•Population distribution explains most – but not
all – of the variance in state-level distribution of
CO2 emissions in U.S.

•Coal production an important secondary factor
•Additional source of variance from imports of
electricity

•Contribution from non-fossil energy sources not
statistically demonstrable



Comparison of Priorities

 How do priorities (by gas, sector) vary
as a result of scale?
–Global
–National
–Sub-National
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Energy Agriculture Waste Industry
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Comparison of Priorities: National
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Comparison of Priorities: State
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Priorities Vary...

•as a function of political scale
•between political units of the same
scale

•Not to mention the complicating
factors of economics, politics, social
values...



Additivity Issues

•Some similarities, some differences,
concerning aggregating states to
country, countries to globe
–Bunkers
–Double-counting

•fossil-fuel import/exports
•electricity imports/exports
•waste imports/exports

–Omissions



International Agreements to
Control GHG Emissions

•1992 (Rio): Return to 1990 emissions by 2000
•1997 (Kyoto): Achieve country-specific
reductions, relative to 1990, by circa 2010
(industrialized countries)
–Japan 6%
–United States 7%
–European Union 8%
–but not yet ratified by enough countries to enter into

force



U.S. Greenhouse-Gas Emissions, 1990-1997
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How NOT to Control GHG Emissions!
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(data from CDIAC NDP-030)

Bulgaria’s fossil-fuel CO2 emissions





CH4: enteric 
fermentation

27.6%

CH4: residue burning
0.2%

CH4: manure 
management

12.6%

N2O: residue burning
0.1%

N2O: fertilizer use
55.2%

CH4: rice cultivation
2.1%

N2O: manure 
management

2.2%

U.S. Agricultural GHG Emissions,
by Gas and Source



U.S. Climate Change Action Plan

• Published by the White
House following the 1992
Earth Summit in Rio

• “returns U.S. greenhouse gas
emissions to 1990 levels by
the year 2000 with cost-
effective domestic actions”

• “nearly 50 new and expanded
initiatives”



CH4: enteric 
fermentation

27.6%

CH4: residue burning
0.2%

CH4: manure 
management

12.6%

N2O: residue burning
0.1%

N2O: fertilizer use
55.2%

CH4: rice cultivation
2.1%

N2O: manure 
management

2.2%

Policies to Reduce Emissions:
Hey, We Picked the Right Ones!

Action #38: Expand
AgStar Program

Action #39: Improve
Ruminant Productivity

Action #17: Improve
Efficiency of Fertilizer
Use


