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PCF Methane Is Highly Uncertain 
Schuur et al., Nature (2015) 

•  Current best estimates are that 
there are 1035 ± 150 PgC in the 
top 300 cm of permafrost 
–  Vulnerable C pool 

•  Expert judgment: 5-15% 
vulnerable to rapid mobilization 
by 2100 

•  Estimated CH4 release is 2-3% 

•  We do not know with 
confidence where, when, how 
much, or identity of potential 
PCF 

 



                                          3                                            
Linde Center – Global Methane Budget 22 May 2017 Arctic Methane Budget 

Permafrost Carbon Feedback Threatens 
Large Arctic Methane Emissions 
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Estimates of the Northern Methane Budget 

Tg CH4 yr-1  Period   Domain  Ref. 
•  21 [15-24]  2003-2012  60 – 90 N  Saunois [2016] 
•  83   2005-2013  50 – 90 N  Thompson [2016] 
•  ~27   2005-2013  60 – 90 N  Thompson [2016]* 
•  31.1   1997-2006  Arctic Basin  McGuire [2010] 
•  67.8 ± 6.2  1993 – 2004  45 – 90 N  Zhuang [2015] 
•  48.7 [44-54]  1990 – 2009  45 – 90 N  Zhu [2013] 

 

Notes: 
Thompson: 60% anthropogenic, 40% wetlands; uses JR-STATION sites 
Zhuang: Uses dynamic inundation model 
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Estimated Methane Fluxes > 45 N 
Zhu et al., GBC (2013) 



                                          6                                            
Linde Center – Global Methane Budget 22 May 2017 Arctic Methane Budget 

The Arctic Basin [McGuire (2010)] 
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Worthy et al., AMAP (2015) 
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Arctic Methane Observations 
Thompson et al., ACPD (2017) 
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Available Arctic Methane Observations 
Worthy et al., AMAP (2015) 



                                          10                                            
Linde Center – Global Methane Budget 22 May 2017 Arctic Methane Budget 

Other Observations Help Constrain  
Arctic Methane Emissions Estimates 

Isotopes Interpolar Difference 

Worthy et al., AMAP (2015) 



                                          11                                            
Linde Center – Global Methane Budget 22 May 2017 Arctic Methane Budget 

East Siberian Arctic Shelf (ESAS) Source 

•  Shakhova (2010) suggest up to 8 TgCH4 yr-1 source in ESAS 

•  Shakhova (2015) increase this estimate to up to 17 TgCH4 yr-1 

•  Berchet (2016) revise ESAS source estimate to 0.0 – 4.5 TgCH4 
yr-1 for 2008/9 based on year round atmospheric methane 
measurements 

•  Thornton (2016) also suggest fluxes in the ~2 TgCH4 yr-1 range 
with a short season (Jul – Sep) for intense methane emissions 
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Summary, Part 1 

•  Current atmospheric observing network constrains estimates of 
the Arctic methane budget to ± 5 TgCH4 yr-1 

•  The current network is inadequate to characterize specific 
regional sources accurately 

•  Current inversion estimates use inconsistent domains and 
incomplete inclusion of existing ground-based and airborne 
observations 

 
•  Recent evidence suggests the ESAS source is 0.0 – 4.5 TgCH4 

yr-1, not 8 – 17 TgCH4 yr-1 
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CARVE 2012–2015 Cumulative Flight Lines 

CARVE By The Numbers 

•  27 Campaigns 
•  192 Flight Days 
•  1080 Flight Hours 
•  >150,000 naut miles 
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7 Nov 2014/DOY 311 CARVE Science Flight  
North Slope Emissions Still Evident 

CO2 v CO and CH4 v CO correlations clearly show that the near surface 
regimes differ distinctly from the correlations observed aloft 
 
Small but significant emissions still observed despite DOY 311, deep snow 
cover and surface ice 

A. Karion, C Sweeney 
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Merging Airborne & EC Flux Tower Data to  
Quantify Year-round North Slope CH4 Fluxes 
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More than 50% of the North Slope CH4 Flux 
Occurs During the Cold Season 

D Zona et al., PNAS (2016) 

*** Year-round CH4 flux tower + CARVE North Slope flights*** 
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Zero Curtain Period is Longer than  
Summer Growing Season 

•  Methanogenesis and methanotrophy continue into the cold season – 
“zero curtain period” – as long as liquid water is available 

•  Soil temperature is the driving environmental control 

D Zona et al., PNAS (2016) 
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North Slope CH4 Emissions Persist 
Through the Zero Curtain Period 
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*** Year-round CH4 flux tower data *** 

Zero  
Curtain 
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30-yr BRW Record Shows Persistent  
Early Cold Season CH4 Enhancement 

C Sweeney et al., GRL (2016) 

Average enhancements of >70 ppb 
from southern ‘Land’ sector July – 
September (1990 – 2012 averages) 
consistent with CARVE observations 

Background ~ 300 – 60 
‘Land’ ~ 130 - 250 
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Atmospheric CH4 Measurements in the 
Context of the Barrow Seasonal Cycle 

CH4 Enhancement 

Albedo Soil T (@30 cm) 

30-year BRW CH4 record mirrors the seasonal 
dependence of the Zona et al. CH4 fluxes 

Snow Snow 
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No Significant Increase in Long-Term  
CH4 Emissions from North Slope Alaska 
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Alaska CH4 Fluxes Estimated from CARVE 
2012-2014 Mean 
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•  GIM Controls: wetland extent, sub-surface soil temperature 
•  2012 – 2014 Budgets: 1.6 – 1.8 ± 0.6 Tg CH4/yr 
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Next Steps: Reconcile Models & CARVE 
CH4 Fluxes from 7 WETCHIMP Models 
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Figure X. Mean annual net CH4 flux for Alaska for 2003. Model output was part of the 
WETCHIMP model intercomparison project. 
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Figure X. WETCHIMP multi-model (n=7) net CH4 flux for 2003 a) mean, and b) standard error.!
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Summary, Part 2 

•  There appears to be no increase in North Slope Alaska methane 
emissions over the last 30 years despite a nearly +2 C change in 
surface temperatures 

•  Evidence that early cold season/zero curtain period emissions are 
increasing 

•  Year-round observations are urgently needed 

•  Open Questions:  
– How do the trends and behavior for Siberia and Scandinavia 

compare to those from Alaska & North America? 
– Why do models fail to reproduce atmospheric observations even 

qualitatively? 
– What is the magnitude of soil oxidation in uplands and High Arctic 

mineral soils? 
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