
Plan to finish line 

Today: Permafrost and snow 

Thursday: Boreal wetland carbon emissions, Clathrate 

Methane Hydrates, Black Carbon, Water resources. See 

Posted Readings 

    presentations? 

Next Week:  

Project Presentations  

Weds 10:30-12:30 



Image by Rob Simmon, made with data provided by Mark Flanner, University of 

Michigan. http://earthobservatory.nasa.gov/IOTD/view.php?id=49440 
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Top-of-atmosphere (TOA) reduction in net energy flux (F) by snow and ice on 

average (left) and change from 1979-2008 (right, W/m2 per 30 yr). Next slide 
explains the calculation. 

NH mean of -4.6 to -2.2 W/m2 NH mean of 0.45 W/m2 



F = TOA net energy flux  

Sx = fraction of x 
x=snow or sea ice 

R = region (here it’s NH) 
A(R) = area of R 

α = surface albedo 

• Assume that (monthly and 
spatially varying) ∂α/∂Sx and 

∂F/∂α are constant with Sx 

and α, respectively  
• Replace ∂α/∂Sx with mean 

albedo contrast (∆αx) 
observations 

• Apply ∂F/∂α ‘radiative kernel’ 

estimates from 6 sources 
(atm. GCM and satellites). 

cryosphere radiative forcing 

Flanner et al 2011 



About equal amounts from 

snow and sea ice  

in mean (upper)  

and change (lower) 

note error bar is from using 

6 estimates of kernel 

Flanner et al 2011 



Observed estimates of 1979–2008 NH warming are 

0.79 and 0.67 °C 

Cryosphere albedo feedback (∆Fcryo/∆Ts) is 0.62 

(0.33–1.07) W m−2 K−1, from observations. 

Using models from the CMIP3 1980–2010 NH model 

feedback is only 0.25±0.17 W m−2 K−1 

Flanner et al 2011 



Scatterplot of simulated springtime ∆αs/∆Ts 

values in climate change (ordinate) vs. simulated 

springtime ∆αs/∆Ts values in the seasonal cycle 

(abscissa). The numbers are CMIP3 models at 

left. Conclude that (1) seasonal cycle can be 

used to estimate climate change FB and (2) most 

models are too low 

Hall and Qu, 2006 

SAF=SW albedo feedback 

Q=net incoming TOA SW 
Ts=surface temperature 

It=incoming TOA SW 
α s,p= surface/planetary albedo 

varies little but 

varies a lot! 



An ice massive/ground ice (the blue stuff) and  

active layer (grey above) 

http://gsc.nrcan.gc.ca/permafrost/suppdoc_e.php 



pictures from 

http://www.gi.alaska.edu/snowice/Permafrost-lab/ 



Flow deforms 

overlying surface 



Polygons formed by ice wedges in between 



Lakes known as thermokarsts sitting in polygons 

ice blocks their drainage 



A pingo - ice massive  





http://arctic.fws.gov/permcycl.htm 











http://arctic.fws.gov/permcycl.htm 





Bemhard Edmair (National Geographic) 



~3-30m across 



rivers are 

braided  

because  

the veg is 

low 



albedo 

feedback 



http://www.giss.nasa.gov/research/

features/200409_methane/ 

Where O2 is plentiful, 

decomposition makes CO2. 
But in anaerobic 

environments as shown, 
decompositions makes CH4, 

which is then oxidized over 

time to CO2 and H20.  

Warmer temperatures, more 

rain, or thawing permafrost 
raises CH4 emissions, 

perhaps a great deal  



Hansen et al 2007 

surface albedo F 

is proportional to 
sea level 

calculated is 

F*Climate 
Sensitivity 

(fast only) 

not so good here 



Hansen et al 2007 

Ruddiman’s hypothesis is 

that human deforestation 
(8k BP) and rice agriculture 

(5k BP) caused CO2 and 
CH4 to rise, saving us from 

another ice age. 

Hansen points out that the 

land-use albedo change 
and aerosols emitted into 

pristine air (not in his F) 

would have been potent 
cooling sources.  



Overdue-glaciation hypothesis 
Ruddiman et al 2005, 2011 

Argues CH4 rise must be 

anthropogenic since previous seven 
interglacials  have no rise and over 

last 5k yrs the emissions from 
northern & tropical peat bogs were 

weakening  



Overdue-glaciation hypothesis 

Argues CH4 rise must be anthropogenic since previous seven 

interglacials  have no rise and over last 5k yrs the emissions from 
northern & tropical peat bogs were decreasing  

northern subtropical monsoons were weakening 

90% of wetland emissions is from boreal regions 

My notes 

δ13CH4 composition of -48ppt is 

consistent with a combination of anthro 

sources   



Berger et al 2009 

Little variation in  

insolation at 65N 

in future 130k yr 

Claim CO2 would 

have to fall below 

210ppm to cause 

glaciation in this 
period 

repeat of last ice age 


