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~1700 PgC stored in permafrost soils

(About equal to known coal reserves, and several times the 
amount of carbon already emitted by fossil fuel combustion)

Photo: National Geographic
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~200 GtC may be released by 2200 
(Schaefer et al., 2011) 
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CO2 could increase by ~90 ppm


 
Arctic will become a net source of carbon 
by the 2020s 
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• Orbital Forcing and Permafrost Carbon Feedbacks may explain 
hyperthermal events ~55Mya 

• Global T increase of 5 C within a few 1000 years
• ~3700 PgC in Eocene permafrost (~1700 PgC today) (DeConto et 

al. Nature 2012) 

• Orbital Forcing and Permafrost Carbon Feedbacks may explain 
hyperthermal events ~55Mya

• Global T increase of 5 C within a few 1000 years
• ~3700 PgC in Eocene permafrost (~1700 PgC today) (DeConto et 

al. Nature 2012)

(A coryphodon
basking in the
Warm eocene)

Paleo permafrost carbon feedbacks?



1) We Need Long Observational 
Records to Detect Change in the Arctic 

Signals are probably small and 
observations can be noisy! 
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Red – 1 Tg/yr increase
Blue – 5 Tg/yr increase



2) The Meridional Gradient Rules! 

We don’t just need Arctic observations, 
we need global information. 
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(We probably can’t have 100 TgCH4 /yr bubbling out
of the Arctic)



3) Measure where the sources are (at 
the surface) and make sure the spatial 
coverage is adequate! 
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The Arctic CH4 Budget

CH4 = Sources- Chemical Loss - Transport



Emissions Chemistry Net

Net Transport



Emissions Chemistry Transport



4) Model/Data Syntheses can help us to 
understand variability and trends in 
CH4 emissions and improve our ability 
to predict future emissions. 

Given our best knowledge of emissions 
(prior flux models) and observations with adequate 
spatial and temporal coverage, what is our best 
estimate of CH4 emissions? 
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Regional SourceRegional Source
Information from Information from 
CarbonTrackerCarbonTracker--CHCH44
Data Assimilation Data Assimilation 
SystemSystem



2008 was also2008 was also
warm in Borealwarm in Boreal
EurasiaEurasia



ConclusionsConclusionsConclusions
• To monitor trends in Arctic emissions we need long-term 

observations. 

• We need global coverage.

• We need to measure at the surface where the emissions are.

• We need adequate spatial coverage

• Diagnostic models like CarbonTracker-CH4 provide an 
opportunity to test and improve process models for 
improved prediction, as well as monitoring regional 
emissions. 
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~40 mg CH4 m-2 d-1



Prototype CarbonTrackerPrototype CarbonTracker--CHCH44 : Priors: Priors
EDGAR 3; Bergamaschi et al. (2002)
• Fossil-Coal, Oil/Gas
• Agwaste-Enteric Fermentation, Rice, Waste
• Biomass Burning (GFEDv2/v3)
• Natural-Wetlands,  Soil Uptake, Oceans, 

Termites
Photochemical Loss
• Repeating Seasonal Cycle, Optimized 

Using CH3 CCl3

121 Estimated Parameters: 12 Land Regions x 10 Source
Processes+1 Global Ocean Region





What Might a Top-Down Model 
Be Used For? 

What Might a TopWhat Might a Top--Down Model Down Model 
Be Used For?Be Used For?

1. Getting More Specific Spatial or Process Information 
About Emissions

The Inter-Polar Difference - a sensitive indicator
of high-latitude change! (e.g. Dlugokencky et al., 2003)

Contour plot of CH4 Growth Rate (ppb/yr)



Barrow TrendBarrow Trend

Deviation from Deviation from 
MLO trendMLO trend

Note shoulder of Note shoulder of 
increase in CHincrease in CH44 –– 

August/SeptAugust/Sept

No apparent trend in No apparent trend in 
August/September August/September 

shoulder that might be shoulder that might be 
associated with meltingassociated with melting
Note significant increase Note significant increase 

20072007

(Analysis by Colm Sweeney)





• Not much surface data 
available in the tropics.

• Wetland prior is 
probably too small.

• Transport model may 
not represent tropical 
transport accurately.



What Might a Top-Down Model 
Be Used For? 

What Might a TopWhat Might a Top--Down Model Down Model 
Be Used For?Be Used For?

2. Revisions to Bottom2. Revisions to Bottom--Up Models can lead to Up Models can lead to 
model improvements and better predictionsmodel improvements and better predictions

What role do local What role do local 
emissions play in emissions play in 
differences? Whatdifferences? What
about transport?about transport?
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