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Arctic Methane Emissions Remain Low 
Despite Rapid Warming and Permafrost Thaw
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Permafrost GHG Budget 
for the period 2000 – 2020
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RECCAP-2 Permafrost
❑ Weak annual CO2 sink and stable source of CH4 and N2O during the 

period 2000-2020
❑ Bottom-up and top-down methods agree on the sign, but different 

magnitudes of estimates that cannot be reconciled

Ramage et al. [2024], Treat et al. [2024],

Hugelius et al. [2024], GBC

Virkkala et al. [2025]
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H1: The Arctic is warming and drying

H2: Northern high latitude methanotrophy is underestimated 

H3: Fe(III) mobilization from thawing permafrost inhibits methanogenesis 

3 Hypotheses Why 
Arctic Methane Emissions Remain Low 
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Hypothesis 1: A Warmer, Drier Arctic

H1: Low Pan-Arctic methane 

emissions suggest a warmer, 

drier Arctic 

Other evidence for a drying 

Arctic:

• Loss of lake area

• Shrubification

Waldrop et al., PPP (2025)



Hypothesis 2: Northern High Latitude 
Methanotrophy Is Underestimated

H2: Northern high latitude 

methanotrophy is underestimated  

High-affinity methanotrophs (HAMs) 

oxidize >90% of subsurface CH4 in 

wetlands

HAMs oxidize atmospheric CH4 in 

high Arctic and upland mineral soils

Future wetland emissions increases 

offset by increasing methanotrophy

* RECOMMEND improved 

characterization of mineral soil, 

upland, high Arctic CH4 fluxes

Arctic (>50N) net CH4 Emissions

Oh et al., Nature Clim Change (2020)



Hypothesis 3: Fe(III) Mobilization 
Inhibits Methanogenesis

Methanogenesis is the metabolic 

pathway of last resort (least 

thermodynamically favorable)

Fe(III) from thawing permafrost: 

1) Provides more thermodynamically 

favorable metabolic pathways that 

outcompete methanogenesis

2) Forms strong complexes with humic 

substances, thereby sequestering labile 

C from potential methanogenesis

Kappler et al., Nature Rev Microbiol (2021)



Microbial Community Tipping Points 
Drive Future Arctic Methane Emissions
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Questions?

Charles.E.Miller@jpl.nasa.gov
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