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Role of Sea Ice Arctic and Antarctic 
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Total winter sea ice extent in Antarctica, at ~ 20 
million km2 , rivals the extent of the earth’s 
major terrestrial biomes. 

&RXUWHV\ RI %ODNH:HLVVOLQJ 
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� The continental ice sheets over 
Greenland and Antarctica account for 
over 90% of the total fresh water on the 
earth.  Formation and Melting of these 
and other continental ice sheets (now 
gone) have been the major factors in sea 
level change in geologic time. 

� For the last 100 years close to 90% of 
the glaciers in Europe, North America, 
South America and Asia have 
retreated. This has resulted in 
Europe’s Glaciers having only 40% of 
the mass they had 100 years ago. 

*ODFLHU &DOYLQJ9LGHR 



Wilkins Ice Shelf - 2008 
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Sea Ice – Significance to Global Climate 
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feedback 

Controls ocean Controls oc 
heat flux 

Dampens waves Dampens waves 
and momentum and mom 
transfer 

Brine rejection Brine rejection 
drives ocean drives ocean 
thermohalinethermohali n 
circulation 

Melting provides Melting provides 
fresh water influx 

$IWHU*RUGRQDQG&RPLVR  



$EVRUEHG 
VXQOLJKW 

 
0HOWLQJ 

/RZHU DOEHGR 

 

 



$OEHGRFKDQJH 

6HDLFHUHIOHFWV ±  RI 
LQFRPLQJVRODU UDGLDWLRQ WKHUHVW LV 
DEVRUEHGE\ WKHVHDLFH :KDW LV 
DEVRUEHGLV HYHQWXDOO\ UHUDGLDWHG 
WRWKHDWPRVSKHUHDV WKHUPDO 
UDGLDWLRQ 

,FH Į ±  
:DWHU Į   

VQRZ 
Į ±  

&RXUWHV\ RI %ODNH:HLVVOLQJ 



What’s the Problem? 

/RVVRI VHDLFHOHDGVWR DQ 
RYHUDOO GHFUHDVHRI DOEHGR 
ZKLFK OHDGVWR LQFUHDVHG 
DEVRUSWLRQ RI VRODU UDGLDWLRQ 
E\ VHDZDWHU ZKLFK OHDGVWR 
DQ LQFUHDVHLQ DWPRVSKHULF 
KHDWLQJ ZKLFK OHDGV WR PRUH 
ORVVRI VHDLFH 





Greenhouse Gases 

8QLYHUVLW\ RI 0DU\ODQG 6DO]EXUJ*OREDO 6HPLQDU 



3DUWO\ GHSHQGLQJRQWHPSHUDWXUHRI WKHVXUIDFHZDWHU WKHRFHDQV FDQEHDVRXUFH 
RU DVLQN RI &2 *HQHUDOO\ FROGZDWHUV DEVRUEDQGZDUP ZDWHUV HPLW 

7KH6RXWKHUQ2FHDQ WKHERG\ RI ZDWHU WKDW VXUURXQGV $QWDUFWLFD LV WKHVLQJOH 
ODUJHVW VLQN RI &2 RQWKHSODQHW 



Temperature Prediction for 2xCO2 



What’s the role of sea ice in a global 
climate perspective? 
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&RXUWHV\ RI 0DUWLQ9DQ&RSSHQHOOH 



SIMBA 

Baseline data from which to monitor future change 
in Antarctic sea ice: 

� Geophysical processes (snow & ice thickness and 
extent, physical properties, heat flux, energy 
balance) 

� Biogeochemical processes (biological habitats, 
DMS production, trace metals, CO2 22 Flux) 

� Satellite Remote Sensing 
2

(validating tools for 
long -term monitoring of sea ice / climate 
systems) 



En Route to Final Ice Camp: 
Ice Observations 



En Route to Final Ice Camp: 
Ice Observations 
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*HRSK\VLFDO 6WXGLHV&RQGXFWHGRQWKH6HD,FH 
7LPH/DSVH&DPHUD 



SIMBA Geophysical Assessment 

(PSHURU SHQJXLQV OLQHGXSWRDVVLVW ZLWKPHDVXUHPHQWV 
3KRWRE\ *OHQQ*UDQW 



&RXUWHV\ RI %ODNH:HLVVOLQJ DQG0LNH/HZLV 



6LWHIURP EULGJHRI 1%3 

6XUIDFHURXJKQHVVDFURVV6LWH 



*HWWLQJ VWDUWHG 



Geophysical Studies Conducted on the Sea Ice: 
Snow Depth and Ice Thickness 
6WHS  *HWWKH (OHYDWLRQ6WHS  /D\ RXW WKHWUDQVHFW OLQHV9LHZ IURP 7UDQVHFW OLQH 



Geophysical Studies Conducted on the Sea Ice: 
Snow Depth and Ice Thickness 

6WHS 6QRZ GHSWKPHDVXUHPHQWV DW P LQFUHPHQWVLFHWKLFNQHVV aPHWHU6WHS  'ULOO IRU GULOO ELWVPHWHU IW GULOO ELW 



Geophysical Studies Conducted on the Sea Ice: 
Snow Depth and Ice Thickness 

6WHS  0HDVXUH,FHWKLFNQHVV6QRZ WKLFNQHVVFDQ JHW XS WR aP aIW 



Geophysical Studies Conducted on the Sea Ice: 
Snow Depth and Ice Thickness – EM 31 

&RQFXUUHQW PHDVXULQJRI LFH 
WKLFNQHVV WRFRPSDUHZLWKLQ 
VLWXPHDVXUHPHQWV 
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Typical Profile of Snow Depth and 

)DEUD 6LWH /LQH  %  

Ice Thickness 

&RXUWHV\ RI 0LNH/HZLV 



Geophysical Studies Conducted on the Sea Ice: 
Snow Pits 

6QRZ 'HQVLW\ &RQWDLQHUV7KLFNQHVV 5XOHU

6QRZ,FH,QWHUIDFH

$GGLWLRQDO 6QRZ 3LW 7RROV

7HPHUDWXUH3UREH
+DQG /HQV

6QRZ JUDLQ VL]HFKDUW

)LHOG %RRN



*HRSK\VLFDO 6WXGLHV&RQGXFWHGRQWKH6HD,FH 
5HVLVWLYLW\ 



Various Teams Required to Each Job 



Biogeophysical Studies Conducted on the Sea Ice: 
Ice Coring 



Biogeophysical Studies Conducted on the Sea Ice: 
Ice Coring 

)LJXUH   FPWKLFN VHFWLRQ RI WKH%UXVHOV  FRUHFOHDUO\ VKRZLQJ WKHGHVFHQGLQJ UHIUR]HQ EULQH 
WXEHV )LQJHUV IRU VFDOH 



Native Animals Tend to be Curious 



&XUUHQW 7UHQGV 
� 7KHDPRXQW RI &2LQWKHDWPRVSKHUHDIIHFWV RXU SODQHW¶V WHPSHUDWXUH :LWK 
FRQFHQWUDWLRQV RI &2FXUUHQWO\ DW SSP WKHSODQHW LV QRZ DSSUR[LPDWHO\ 
�& ZDUPHU WKDQSUHLQGXVWULDO OHYHOV 

� 6FLHQWLVWV DUHQRZ IRUHZDUQLQJWKDW DW DSSUR[LPDWHO\ SSP &2LQWKH 
DWPRVSKHUH ZHZLOO WULJJHU SRWHQWLDOO\ LUUHYHUVLEOHJODFLDO PHOW DQGVHDOHYHO ULVH 
³RXW RI KXPDQLW\¶V FRQWURO´ &RQFHQWUDWLRQV RI SSP FRUUHVSRQGV WR 
DSSUR[LPDWHO\ �& JOREDO ZDUPLQJDERYHSUHLQGXVWULDO OHYHOV 

KWWSFGLDFHVGRUQOJRYWUHQGVFRYRVWRNKWP 



Sea Level Rise with Ice Sheet 
Melting 

� Based on the new rate of sea level rise, the 
projected increase in sea level by 2100 is now 
over 1m (>3 ft) rather than 2 ft.  The surprising 
melting of the Greenland and Antarctic Ice 
Sheets observed recently is also leading to 
some estimates of 2m increase in sea level, or 
greater by 2100 (so the 1m rise would take 
place much sooner). 



Let ’s get some “Perspective”: 

If the Greenland and Antarctica ice 
sheets are melting, What is the 

potential impact of sea level rise 
on Texas? 



Coastline Change from 1m Rise 



“Names on the 1m Face” 

� Texas Places that will be under water in 2100 
� Port Arthur, Port Isabel, Port Mansfield, Sabine 

Pass, Sabine, Orange, Lake Charles, La 
� South Padre Island, Padre Is Natl Seashore, 

half of Galveston Island, Matagorda Island ( 
and some mainland coastlines) 



Coastline Change from 2m Rise 



“Names on the 2m Face” 

� Texas Places that will be under water with 2m 
Sea Level Rise (perhaps by 2100) 

� Beaumont, Galveston, Texas City, Port Lavaca, 
Port Aransas, Rockport, Aransas Pass, Shore 
Acres, La Porte, Bay Oaks,Clear Lake Shores-
SeaBrook and, 

� New Orleans Louisiana 
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