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Table S1. Upland thermokarst hydrologic flux extrapolated to the North Slope and circumarctic  
 North Slope   Circumarctic  
 Mean  Range  Mean  Range 
Extent of uplands/hills (106 km2)* 0.24   1.83  
Percent of uplands susceptible to 
thermokarst** 37 (28-45)  37 (28-45) 

Permafrost degrading by 2100 (%)*** 93 (70-100)  68 (52-86) 
Current upland thermokarst coverage (%)# 1.5 (1.2-1.8)  1.5 (1.2-1.8) 
Upland thermokarst coverage by 2100 (%) 34 (20-45)  25 (15-39) 

Current fluxes from thermokarst      
DOC (Tg C yr-1) 0.1 (0.04-0.2)  0.73 (0.30-1.4) 

DIN (109 g N yr-1) 0.9 (0.04-0.2)  6.7 (2.8-14) 
Projected fluxes from thermokarst 

(2050-2100)      

DOC (Tg C yr-1) 0.58 (0.16-1.2)  3.2 (0.92-7.5) 
DIN (109 g N yr-1) 5.3 (1.5-12)  29 (8.5-78) 

*Walker et al. 2005, **Zhang et al. 1999,  ***Slater and Lawrence 2013, #Krieger 2012. See Appendix 1 for detailed treatment of 
assumptions. Projections of upland thermokarst dissolved organic carbon (DOC) and dissolved inorganic nitrogen (DIN) by the end of 
the century were calculated using: 1. The proportion of uplands susceptible to thermokarst as determined by ground ice content and 
landscape characteristics, 2. Daily yield for each development stage weighted by the duration of each stage and multiplied by growing 
season length, 3. Mean period of activity for each feature type, and 4. Regional and circumarctic projections of permafrost 
degradation. Estimates from the literature of period of activity (time spent in activity levels one and two) for slides, gullies, and 
slumps were 2, 8, and 20 years, respectively (Lewkowicz 1987, 1990, Burn 2000, Jorgenson and Osterkamp 2005, Lewkowicz 2007, 
Kokelj et al. 2009, Godin and Fortier 2012). However, because half of the slides in our study had triggered thaw slumps, substantially 
increasing their active lifespans, we estimated an 11-year period of activity for these features. We weighted period of activity for each 
feature morphology by the portion of current area for each morphology, yielding a mean active period of 11 years. Concerning future 
extent of permafrost, models project that 52-86% of circumarctic, near-surface permafrost will be degrading or isothermal by 2100, 
with estimates for the North Slope of Alaska ranging from 70-100%, based on representative concentration pathways RCP4.5 and 
RCP 8.5 (Slater and Lawrence 2013). However, nearly all of this change is expected to occur during the second half of the century for 
the continuous permafrost zone (Jafarov et al. 2013). Because we expected thermokarst activity to follow the same pattern, we 
calculated cumulative fluxes by 2100 divided by 50 to estimate annual thermokarst fluxes for 2050-2100. Given the compound 
assumptions associated with this extrapolation, we propagated error additively to obtain the range presented here. 
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Figure S1. Dissolved organic carbon (DOC) concentration for water draining thermokarst features (outflow) and 
paired unimpacted water body (Reference) for the five sites near the Toolik Field Station where repeat 
measurements of feature outflow were made from 2009-2011. Site AXT was an active layer detachment slide, 
sites IM2 and TRG were thermo-erosion gullies, and sites N4A and ITK were retrogressive thaw slumps. Error 
bars represent standard error for sites where more than one outflow or reference water was sampled on the same 
date.
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Figure S2. Dissolved inorganic carbon (DIC) concentration for the five sites near the Toolik Field Station where 
repeat measurements of feature outflow were made from 2009-2011. Symbology as in figure S1.
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Figure S3. Dissolved CO2 in % equilibrium concentration based on water temperature for the five sites near the 
Toolik Field Station where repeat measurements of feature outflow were made from 2009-2011. Symbology as 
in figure S1.
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Figure S4. Dissolved CH4 in % equilibrium concentration based on water temperature for the five sites near the 
Toolik Field Station where repeat measurements of feature outflow were made from 2009-2011. Symbology as 
in figure S1.
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Figure S5. Dissolved inorganic nitrogen (DIN) concentration for the five sites near the Toolik Field Station 
where repeat measurements of feature outflow were made from 2009-2011. Symbology as in figure S1.
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Figure S6. Dissolved N2O in % equilibrium concentration based on water temperature for the five sites near the 
Toolik Field Station where repeat measurements of feature outflow were made from 2009-2011. Symbology as 
in figure S1. 
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Figure S7. Dissolved sulfate concentration for the five sites near the Toolik Field Station where repeat 
measurements of feature outflow were made from 2009-2011. Symbology as in figure S1.
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Figure S8. δ18O signature for water draining the five sites near the Toolik Field Station where repeat 
measurements of feature outflow were made from 2009-2011. Symbology as in figure S1. 
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