
Ice and Climate 
ATMS 514/ESS 535 

Instructor: Professor Cecilia Bitz, UW graduate in 

atmospheric sciences 1997 

Lecture notes and/or ppt will be posted ASAP after 

class 

Course web site 

http://www.atmos.washington.edu/~bitz/514_2013/ 



Grading 

40% Homework 

20% Participation and leading paper discussions 

40% Final project report (5 pages of text) and 

presentation 

Reading will be from journal papers and occasional 

book chapters. No text book required. 

Reading assignments if password protected link 

http://www.atmos.washington.edu/~bitz/514_2013/ 

username: climate 

password: iscool 



Demo website 



Class format 

Lecture - some projected some on chalkboard 

Paper discussions 

Guest lectures/student presentations (at end) 

Computing lab last ~30 min of class a few times 

Syllabus and Schedule is online and will be updated 

regularly with new reading and posted material. 



Past project topics and students: 

Sea ice - Bill Lipscomb !! 

Oxygen isotopes - Kurt Cuffy, Christine Massey !! 

Cause of CO2 variations - Eric Steig !! 

Ice age ocean circulation - Robert Pincus, Von Walden !! 

Changes in Antarctic mass balance - Bonnie Light !!

Ice sheet surface energy balance - Dave Morse !! 

Younger Dryas - Ken Young !! 

Bedrock depression and rebound - Tony Gades, Steve Fox !! 

Topographic changes - Ash Mahesh !! 

Topography ice age initiation - Doug Clark !! 

Mars polar cap - Rob Boime !! 

Cloud feedbacks in climate - Tracy Furutani !! 

Albedo Feedback - Jennifer Francis !! 

Initiation of an ice sheet in GCM by Milankovitch - Harry Stern !! 

more listed on web site 



Current Reading Assignments  

Enderton and Marshall (2009) first seven pages at 
least for Thursday 4/4 

Notz (2009) first two pages for 4/11 

  volunteers to lead the discussion of Notz et al? 



Blue Marble Project snow/ice composite for February 



Average 

coverage 
1979-2000 

in orange 



K. Steffen 



Daily operational snow/ice map using visible and microwave satellite 

imagery http://www.natice.noaa.gov/ims/ 

What data are 

used to evaluate 

and monitor the 
cryosphere? 



 Websites for current snow and sea 

http://www.nohrsc.noaa.gov/ 

http://nsidc.org/arcticseaicenews/  

http://nsidc.org/greenland-today/  



What controls the pattern of 

warming?  Here 1981-2007 
from satellite 



What caused the 100k-yr (late Pleistocene) ice-ages? 

Clark et al 1999 

filtered 

insolation 

(bad match) 

filtered ice 

volume 



“Climate scientists still do not understand how subtle shifts in 

insolation at the top of the atmosphere are converted into massive 
changes in the ice volume on the ground.”    

Raymo and Huybers, 2008 



Clark and Pollard 1998 



Clement and Petersen 2008 The cause of DO and H 

events is still far from certain 



Ramstorf 2002 

keying off older ideas 
of Rooth and Broecer 



What is causing ice shelves 

like the Wilkins on the Antarctic 

Peninsula to disintegrate? 



What is the role of sea 

ice and polynyas for 

ocean and ice shelf 
dynamics? 



60-90N surface land temperatures 

How does this compare to the NH mean? 

Why did temperature decline in 1950s and 60s? 

What is the role of volcanoes? 



Climate Impacts of the 

Northern Annular Mode (Winter) 

Air Temperature 

+2°C - 2°C 0°C 0 

Precipitation 

+1 - 1 
cm per month 

L 

H 
Northward shifted 

stormtrack 



Air Temperature Precipitation 

+2°C - 2°C 0°C +1 - 1 0 
cm per month 

Chicago < - 18°C 

 3:1 odds - : + phase 

Novosibirsk < - 29°C 

 4:1 odds - : + phase 

Paris < - 3°C 

 4:1 odds - : + phase 

Paris > 0.5 cm snow 

 6:1 odds - : + phase 

Extreme Weather Impacts of the 

Northern Annular Mode (Winter) 



The Annular Modes of  

Atmospheric Circulation Variability 

            Southern -SAM         Northern- NAM 

Oscillation in space, not time:  atmospheric mass exchange 

between polar and middle latitudes 

stronger 

westerly winds, 

poleward shifted 
jet stream 

L 

H 

H 

(Positive Phase) 



•  Increased ice advection away from the Russian coast.

•  Faster export of sea ice from the pole to Fram Strait.

(Rigor et al. 2002) 

      1980’s       1990’s 



Atmospheric response to changes in the 

location of the sea ice edge 

Magnusdottir et al. 2004 

Forcing
Sea Ice 

Response
Atmospheric 

Feedback

What sign is the feedback? 

+NAO -NAO 

500mb height anomaly 500mb height anomaly 

More ice 

Less ice 



NAO appeared to be trending upwards for 

a while 

http://climatedataguide.ucar.edu/guidance/hurrell-north-atlantic-oscillation-

nao-index-station-based 



NAO appeared to be trending upwards for 

a while 

http://www.cpc.ncep.noaa.gov/data/teledoc/nao_ts.shtml 



Started here on Apr 4 

SKIP TO SURVEY RESULTS 



Is it as sensitive to climate forcing as advertised? 

Why is it retreating in the Arctic but advancing in the 
Antarctic? 

Why is it warming most in winter but the positive ice 

albedo feedback is in summer? 

What controls the sea ice edge? 

Sea Ice 



September Minimum Ice Extent 

•  Last 6 yrs: five lowest years 

in Arctic sea ice extent

•  Recent summer Arctic sea 
ice coverage is ~40% lower 

than 30 years ago

Average 

coverage 

1979-2000 
in orange 

Ice cover on

16 Sep 2012



Ice Sheets 

What controls mass balance? 

What are the basic feedbacks with climate? 



What controls ice sheet mass 

balance? 



Tedesco et al (2011) 



 What is causing these 

trends to look this 

way? 

How does Antarctica 

compare? 

Why are ice shelves 

breaking up? 

Greenland: recent changes 

Yellow = no or little change 

Blue = snow accumulation 

Red = less mass (melting 

and discharge of ice)  

Ice Sheets:  

trends 



This glacier has no significant pinning 

points left that would help stabilize it 
and its bed is below sea level. 



Was that just hype about 

sudden draining of meltwater 

lubricating ice sheet beds? 



Will Greenhouse Warming initiate a 

thermohaline collapse?  

Why are the Greenland Iceland Norwegian (GIN) seas 
are freshening?  



Sea Level Rise Contributions to 

sea-level rise 

Greenland 

Ice Sheet 

Antarctic Ice 

Sheet 

Glaciers and 

ice caps 

Ocean 

thermal 
expansion 

These are present day 

contributions which sum to 

3.2 mm/yr 

How will they change? 

How much uncertainty is 

there? 



Northern Hemisphere 
Spring Snow 

Snow on Land 

By how much has snow declined? And in what season? 

What are the impacts on water resource management? 



Rain on Snow 

•  Ice layers within snow pack 
creates barrier. 

•  Heat released released upon 
freezing rain can warm 
permafrost 

•  Under extreme circumstances, 
can lead to large scale die-off of 
herd. 



20,000  DIE FROM BANKS ISLAND 

RAIN ON SNOW  

Musk Oxen 



When frozen 

ground melts: 

surfaces slump 

and erode 

alters carbon 

cycle 



Why is greenhouse warming delayed in the Antarctic? 

What really is polar amplifications and are we experiencing it? 

How have ice and snow influenced past climate change?  

What are the latest theories on the cause of the ice ages? 

Bigger Questions 



How is the cryosphere modeled? 
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Must we model ocean eddies to properly simulate ocean 

heat transport to sea ice and ice shelves?  



Pollard 2000

Ice Sheet elevation  (m) from off line ice sheet model 

run with climate model output after 10k years initialized
to present day for Greenland and reconstruction for Laurentide

Why are sea ice models so much better “integrated” with 

GCMs compared to ice sheet models?  


